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Real Party in Interest 

The real party in interest for this appeal is BorgWamer, Inc. of Troy, Michigan, 
the assignee of the application. 

Related Appeals and Interferences 

There are no related appeals or interferences. 

Status of the Claims 

Claims 1, 4-9, 11-15 and 18-23 are pending in this application. Claims 2, 3, 10, 
16, and 17 have been previously canceled, without prejudice. 

Claims 1, 7 and 8 are rejected under 35 (JSC §1 02(b) as being anticipated by 
U.S. Patent No. 5,752,588 to Reichert et al. Claims 1, 7 and 8 are also rejected under 
35 USC §1 02(b) as being anticipated by JP-1 1264460 (using U.S. Patent No. 6,102,825 
to Hisano et al. as an English equivalent). Claims 4, 5, 9-11, 13, 18-21, and 23 are 
rejected under 35 USC §1 03(a) as being unpatentable over Reichert et al. in view of 
U.S. Patent No. 5,003,842 to Hatta et al. Claims 4, 5, 13-15 and 18-23 are rejected 
under 35 USC §1 03(a) as being unpatentable over JP-1 1264460 to Hisano et al. in view 
of U.S. Patent No. 5,003,842 to Hatta et al. Claim 6 is rejected under 35 USC §1 03(a) 
as being unpatentable over Reichert et al. in view of U.S. Patent No. 4,070,981 to Guinn 
et al. Claim 6 is rejected under 35 USC §1 03(a) as being unpatentable over JP- 
11264460 in view of U.S. Patent No. 4,070,981 to Guinn et al. Claim 12 is rejected 
under 35 USC §1 03(a) as being unpatentable over Reichert et al. in view of U.S. Patent 
No. 5,003,842 to Hatta et al. and further in view of Guinn et al. 


1 


In response to the amendment mailed April 28, 2003, claims 1, 4-9, 11-15 and 
18-23 were finally rejected in the Office Action mailed July 18, 2003. A response to the 
final Office Action was mailed on September 18, 2003 and was considered and entered 
by the Examiner for purposes of appeal. An Advisory Action was mailed on October 14, 
2003. This appeal is taken as to claims 1 , 4-9, 11-15 and 18-23, as presently pending. 

Status of Amendments 

A response to the final Office Action was mailed on September 18, 2003 and was 
considered and entered by the Examiner for purposes of appeal. No further 
amendments have been submitted. 

Summary of the Invention 

A brake band mechanism (Page 4, line 19-Page 9, line 4 and Ref. 10 in Fig. 1 
and Ref. 130 in Fig. 4) for an automatic transmission having a brake drum (Page 4, 
lines 5-9 and Ref. 12 in Fig. 1), said mechanism comprising a brake band (Page 4, line 
5-Page 10, line 16 and Ref. 14 in Fig. 1) encircling the brake drum, said brake band 
including opposing ends (Page 5, line 6-Page 6, line 18 and Refs. 16 and 18 in Fig. 1), 
said brake band operable to be compressed and expanded around the brake drum 
(Page 5, line 7-Page 9, line 4) a two-stage hydraulic servo (Page 5, line 18-Page 10, 
line 16 and Ref. 28 in Figs. 1 and 3), and a linkage (Page 5, line 11 -Page 7, line 2 and 
Refs. 22, 24, 26, 30, 32 and 34 in Fig. 1 and Refs. 102, 116, 118, 134, 138 and 140 in 
Fig.4) coupled to said servo and said brake band (Page 5, line 6-Page 9, line 4), said 
servo activating said linkage to provide positive compression and expansion to said 
brake band for applying friction to the brake drum to control the speed of rotation of said 
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brake drum (Page 5, line 18-Page 9, line 4), wherein said servo provides a rapid 
activation of said linkage during a first stage to rapidly expand said brake band, and a 
controlled compression and expansion of said brake band during a second stage (Page 
5, line 18-Page 9, line 4), is claimed. 

A brake band mechanism (Page 4, line 19-Page 9, line 4 and Ref. 10 in Fig. 1 
and Ref. 130 in Fig. 4) for an automatic transmission having a brake drum (Page 4, 
lines 5-9 and Ref. 12 in Fig. 1), said mechanism comprising a brake band (Page 4, line 
5-Page 10, line 16 and Ref. 14 in Fig. 1) encircling the brake drum, said brake band 
including opposing ends (Page 5, line 6-Page 6, line 18 and Refs. 16 and 18 in Fig. 1), 
said brake band operable to be compressed and expanded around the brake drum 
(Page 5, line 7-Page 9, line 4), a linkage coupled to said brake band (Page 5, line 11- 
Page 7, line 2 and Refs. 22, 24, 26, 30, 32 and 34 in Fig. 1 and Refs. 102, 116, 118, 
134, 138 and 140 in Fig.4), a two-stage hydraulic servo (Page 5, line 18-Page 9, line 4 
and Ref. 28 in Figs. 1 and 3), said linkage coupled to said servo (Page 5, line 6-Page 9, 
line 4), said servo including a servo rod position sensor (Page 8, lines 4-15 and Ref. 98 
in Fig. 4) for determining a position of a stroke rod of said servo, said servo providing a 
rapid activation of the linkage during a first stage to rapidly expand said brake band, and 
a controlled compression and expansion of said brake band during a second stage 
(Page 5, line 18-Page 9, line 4), and a clip structure (Page 5, line 10-Page 7, line 2 and 
Ref. 21 and 36 in Fig. 1 and Ref. 132 and 136 in Fig. 4), said clip structure being 
mounted to an end of said brake band and being coupled to said linkage (Page 5, line 
10-Page 7, line 2 and Ref. 21 and 36 in Fig. 1 and Ref. 132 and 136 in Fig. 4), said 
servo activating said linkage to provide positive compression and expansion to said 
brake band for applying friction to the brake drum to control the speed of rotation of said 
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brake drum (Page 5, line 18-Page 9, line 4), wherein said servo includes a first piston 
and a second piston (Page 7, line 3-Page 9, line 4 and Ref. 62 and 64 in Fig. 4), said 
first piston being smaller than said second piston (Page 7, line 3-Page 9, line 4), said 
first piston being operable to provide rapid movement of said brake band and said 
second piston being operable to provide fine adjustments of said brake band (Page 7, 
line 3-Page 9, line 4), is claimed. 

A method of controlling a shift of an automatic transmission (Page 9, line 5-Page 
10, line 22 and Fig. 7) comprising providing a brake band (Page 4, line 5-Page 10, line 
16 and Ref. 14 in Fig. 1) for engaging a brake drum (Page 4, lines 5-9 and Ref. 12 in 
Fig. 1) of an automatic transmission, said brake band being positively controlled for both 
apply and release pressure around said brake drum (Page 5, line 7-Page 10, line 22), 
applying a first fast active compression force to said brake band to a predetermined 
position (Page 5, line 18-Page 10, line 22), and providing a closed loop control of 
pressure on said brake band in both positive apply and release directions for controlling 
shift parameters of the transmission based on a predetermined input (Page 9, line 5- 
Page 10, line 22), wherein a two-stage servo is used for controlling said brake band 
(Page 5, line 18-Page 10, line 22 and Ref. 28 in Figs. 1 and 3), wherein said servo has 
a first stage for rapidly applying band pressure, and a second stage for providing 
positive finite control of both apply and release pressures on said brake band during the 
shift (Page 5, line 18-Page 10, line 22), is claimed. 

Summary of the References Cited 

It is the Applicants' understanding that U.S. Patent No. 5,752,588 to Reichert et 
al. appears to disclose a hydraulic servo for friction brakes of an automatic transmission 
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that comprises a cylinder (2) with a main piston (3) arranged therein, a smaller cylinder 
(8) to receive a smaller compensation piston (9), the smaller cylinder communicating 
with the pressure chamber (5) of the main piston (3) through an orifice (18) controlled by 
a ball valve (20). A stepped bore (22) connects the pressure chamber (5) to the 
compensation chamber (17). A stepped piston (23), located in the bore, forms a 
discharge control valve (24), which controls the discharge of pressure medium from the 
compensation chamber (17). 

It is the Applicants 1 understanding that JP-1 1264460 to Hisano et al. (using U.S. 
Patent No. 6,102,825 as an English language equivalent) appears to disclose a 
rotational direction of a rotational element at a high speed gear stage is different from a 
operational direction of a reaction torque at a low speed gear stage. The rotation by the 
reaction torque at the low speed gear stage is stopped with a self-energizing operation 
of a band brake operated by a hydraulic servo. A waiting pressure, which is lower for a 
predetermined amount than a engagement pressure at the self-energizing operation, 
and with which a basis of a racing amount occurs after a synchronizing point, is applied 
to the hydraulic servo until the synchronization is determined. The waiting pressure 
increases to the engagement pressure after determining the synchronization so that the 
rotational element is stopped gradually as preventing a long shift time. 

It is the Applicants' understanding that U.S. Patent No. 5,003,842 to Hatta et al. 
appears to disclose, in an automatic transmission gear system which selectively 
actuates a plurality of frictional elements by oil pressure such as clutches and brakes 
that are provided in the transmission gear system in order to obtain different gear ratios, 
one frictional element is disengaged concurrently with engaging of another frictional 
element for switching the gear ratio (speed change). At that time, it is important to 
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adjust the timing for actuating the frictional elements depending on the conditions of the 
engine and the vehicle itself. The present invention relates to a control device for an 
automatic transmission gear system that assures smooth gear shifting at all times by 
adequately controlling the overlap of the torque capacities of the frictional elements. 

It is the Applicants' understanding that U.S. Patent 4,070,981 to Guinn et al. 
appears to disclose a mooring system for maintaining a ship shape drilling vessel within 
alignment limits and for warping it into the sea while drilling a well from the vessel in the 
sub-surface ground below it. The mooring system absorbs all of the forces on the 
vessel, such as wind, current, wave, swell, roll, pitch, heave, surge and sway. These 
forces are measured by sensing load on a motor, electric, hydraulic, and the like, driving 
the anchor chain wildcat while hauling it in, by sensing load on the brake bands for the 
windlass wildcats, and by sensing load on the chain stopper, which sensed loads are 
transmitted to a display device which provides sufficient information to maintain the 
drilling vessel within the alignment limits and to warp it into the sea to minimize forces 
and motions of the vessel and to avoid beam sea forces. Preferably, a chain counter is 
provided on the power wildcat that counts the links, and hence the distance, the anchor 
chain is payed out or hauled in, which is transmitted to the display device. The anchor 
chains extend from each side both fore and aft of the vessel and each anchor chain has 
an electric motor driven wildcat, and extends through a chain stopper and fairlead. 
Vessel alignment is displayed on a cathode ray tube using an acoustic position 
resonance system. 
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Issues 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, as recited in claims 1, 7 and 8, anticipated by U.S. Patent No. 
5,752,588 to Reichert et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, as recited in claims 1, 7 and 8, anticipated by JP-1 1264460 to 
Hisano et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, and a method of controlling a shift of an automatic transmission, 
as recited in claims 4, 5, 9-11, 13, 18-21 and 23, unpatentable over U.S. Patent No. 
5,752,588 to Reichert et al. in view of U.S. Patent No. 5,003,842 to Hatta et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, and a method of controlling a shift of an automatic transmission, 
as recited in claims 4, 5, and 13-15, and 18-23, unpatentable over JP-1 1264460 to 
Hisano et al. in view of U.S. Patent No. 5,003,842 to Hatta et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, as recited in claim 6, unpatentable over U.S. Patent No. 
5,752,588 to Reichert et al. in view of U.S. Patent No. 4,070,981 to Guinn et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, as recited in claim 6, unpatentable over JP-1 1264460 in view of 
U.S. Patent No. 4,070,981 to Guinn et al.? 

Are Applicants' claims to a brake band mechanism for an automatic transmission 
having a brake drum, as recited in claim 12, unpatentable over U.S. Patent No. 
5,003,842 to Hatta et al. as applied to claim 9, and further in view of Guinn et al.? 
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Grouping of the Claims 

For purposes of this appeal, the claims stand and fall together. 

Argument Regarding the 35 USC §1 02(b) Rejection of Claims 1 . 7 and 8 

Claims 1, 7 and 8 stand rejected under 35 U.S.C. §1 02(b), as being anticipated 

by U.S. Patent No. 5,752,588 to Reichert et al. 

The Applicants respectfully traverse the 35 U.S.C. §1 02(b) rejection of claims 1, 

7 and 8. 

The law is clear that anticipation requires that a single prior art reference disclose 
each and every limitation of the claim sought to be rejected. 35 U.S.C. §1 02(b). 

The law is also clear that a claim in dependent form shall be construed to 
incorporate all the limitations of the claim to which it refers. 35 U.S.C. §112, fourth 
paragraph. 

With respect to the recitation of claim 1, as amended, the Applicants submit that 
Reichert et al. fails in teaching the claimed structure. 

While Reichert et al. may arguably disclose a two-stage hydraulic circuit, there is 
no teaching that the "servo provides a rapid activation of [the] linkage during a first 
stage to rapidly expand [the] brake band, and a controlled compression and expansion 
of [the] brake band during a second stage." 

With respect to the Examiner's assertion that "it is evident that Reichert et al. 
describe the invention to the same extent as Applicant," the Applicants respectfully 
disagree. 

There is no teaching whatsoever in Reichert et al. regarding rapid activation of a 
linkage during a first stage to rapidly expand the brake band, and a controlled 
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compression and expansion of the brake band during a second stage. Reichert et al. is 
only concerned with hydraulic fluid conservation, not rapid and/or controlled linkage 
actuation, as presently claimed. 

With respect to the Examiner's assertions that "the use of a minimized amount of 
hydraulic fluid to achieve actuation suggests that actuation occurs faster since it takes 
less time to wait for the accumulation of a small or minimized volume of fluid" and "since 
the smaller apply piston associated with the first stage is the first to cause brake 
actuation, the first stage may be considered the quicker (or comparatively rapid) stage 
just as the first runner to reach a finish line of a race is considered to be the quicker 
runner," the Applicants respectfully disagree. 

While Reichert et al. may arguably disclose a two-stage hydraulic circuit, there is 
no teaching that the servo provides a rapid activation of the linkage during a first stage 
to rapidly expand the brake band, and a controlled compression and expansion of the 
brake band during a second stage. 

Conversely, Reichert et al. discloses, at column 1 , lines 33-39, that: 

It is an object of the invention to provide an hydraulic servo with travel 
compensation, for friction brakes for shifting an automatic transmission for 
motor vehicles, in order, at the time of shift, to minimize the volume of 
hydraulic fluid required to apply a friction brake to avoid an undesired 
pressure drop due to the volume of fluid which has to be made available. 
(Emphasis added). 

Thus, Reichert et al. appears to disclose that the supposed first stage actuation 
of the hydraulic servo is accomplished slowly, due to the conservation of hydraulic fluid 
delivered to the pressure chamber of the supposed main piston of the servo. More 
specifically, Reichert et al. is concerned primarily with conserving hydraulic fluid in the 
event of a system leak, e.g., through the use of a compensation pressure chamber and 
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cooperating piston, than with rapid first stage piston actuation of the hydraulic servo, as 
presently claimed. 

Accordingly, the Applicants contend that the 35 U.S.C. §1 02(b) rejection of 
claims 1 , 7 and 8 has been overcome. 

Argument Regarding the 35 USC S1 02(b) Rejection of Claims 1. 7 and 8 

Claims 1, 7 and 8 stand rejected under 35 U.S.C. §102(b), as being anticipated 
by JP-1 1264460 (using U.S. Patent No. 6,102,825 to Hisano et al. as an English 
equivalent). 

The Applicants respectfully traverse the 35 U.S.C. §1 02(b) rejection of claims 1 , 
7 and 8. 

Hisano et al. teaches no such structure as recited in claim 1, as amended. 

Specifically, while Hisano et al. may arguably disclose a two-stage hydraulic 
circuit, there is no teaching that the "servo provides a rapid activation of [the] linkage 
during a first stage to rapidly expand [the] brake band, and a controlled compression 
and expansion of [the] brake band during a second stage." 

With respect to the Examiner's assertion that "since the Hisano et al. reference 
shows a small apply piston 43 arranged closest to the linkage that promotes the initial 
brake application movement to the linkage and shows a larger apply piston 44 for more 
finite adjustments of the brake band pressure to the same extent as Applicant's, 
Examiner maintains the rejections," the Applicants respectfully disagree. 

While Hisano et al. may arguably disclose a two-stage hydraulic circuit, there is 
no teaching or suggestion that the "servo provides a rapid activation of [the] linkage 
during a first stage to rapidly expand [the] brake band, and a controlled compression 
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and expansion of [the] brake band during a second stage." For example, Hisano et al. 

disclose at, column 3, lines 3-23: 

According to the invention, the rotation of the rotational element reduces 
to synchronize with the rotation of the rotational element at the low speed 
gear stage. That is, the rotation of the rotational element reduces to stop. 
In this case, the de-energizing operation occurs at the band brake. 
Therefore, the rotational element is not stopped from rotating bv the 
band brake, because the engagement force occurred bv the 
application of the aforementioned hydraulic pressure is small . After 
that, when the rotational element is stopped from rotating and then the 
reverse rotation of the rotational element is started, the self-energizing 
operation occurs. Therefore, the engagement force of the band brake 
steeply increases to stop the rotational element from rotating. 

In this case, the hydraulic pressure applied to the hydraulic servo of the 
band brake is the waiting pressure, which is lower for the predetermined 
amount than the hydraulic pressure to maintain the stop of the rotation of 
the rotational element. Therefore, the rotational element is not steeply 
stopped, that is. the rotation of the rotational element changes 
gradually . (Emphasis added). 


Thus, Hisano et al. appears to disclose that the supposed first stage actuation of 
the hydraulic servo is accomplished slowly or weakly, due to the application of only a 
small amount of hydraulic pressure to the supposed main piston of the servo. 

Accordingly, the Applicants contend that the 35 U.S.C. §1 02(b) rejection of 1, 7 
and 8 has been overcome. 


Argument Regarding the 35 USC §103(a) Rejection of Claims 4, 5, 9-11, 13, 18-21 and 

23 

Claims 4, 5, 9-11, 13, 18-21, and 23 stand rejected under 35 U.S.C. §1 03(a), as 
being unpatentable over Reichert et al. in view of U.S. Patent No. 5,003,842 to Hatta et 
al. 


11 


The Applicant respectfully traverses the 35 U.S.C. §1 03(a) rejection of claims 4, 
5, 9-11, 13, 16-21, and 23. The Examiner should note that claim 10 was canceled, 
without prejudice, in a previous response. 

The standard for obviousness is that there must be some suggestion, either in 
the reference or in the relevant art, of how to modify what is disclosed to arrive at the 
claimed invention. In addition, "[something in the prior art as a whole must suggest the 
desirability and, thus, the obviousness, of making" the modification to the art suggested 
by the Examiner. Uniroyal, Inc. v. Rudkin-Wiley Corp., 837 F.2d 1044, 1051, 5 
U.S.P.Q.2d (BNA) 1434, 1438 (Fed. Cir.), cert, denied, 488 U.S. 825 (1988). Although 
the Examiner may suggest the teachings of a primary reference could be modified to 
arrive at the claimed subject matter, the modification is not obvious unless the prior art 
also suggests the desirability of such modification. In re Laskowski, 871 F.2d 1 15, 1 17, 
10 U.S.P.Q.2d (BNA) 1397, 1398 (Fed. Cir. 1989). There must be a teaching in the prior 
art for the proposed combination or modification to be proper. In re Newell, 891 F.2d 
899, 13 U.S.P.Q.2d (BNA) 1248 (Fed. Cir. 1989). If the prior art fails to provide this 
necessary teaching, suggestion, or incentive supporting the Examiner's suggested 
modification, the rejection based upon this suggested modification is error and must be 
reversed. In re Bond, 910 F.2d 831, 15 U.S.P.Q.2d (BNA) 1566 (Fed. Cir. 1990). 

The Examiner apparently cited Hatta et al. in order to cure the aforementioned 
deficiencies in the disclosure of Reichert et al. Although Hatta et al. may arguably 
suggest a piston position sensor, the Examiner is correct that Hatta et al. fail to teach or 
suggest a servo rod position sensor. However, Hatta et al. adds nothing to the 
disclosure of Reichert et al. in terms of disclosing the structure and function of the two- 
stage hydraulic servo, wherein the servo provides a rapid activation of the linkage 
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during a first stage to rapidly expand the brake band, and a controlled compression and 
expansion of the brake band during a second stage, as presently recited in claim 1 , as 
amended. 

Because claim 1 is allowable over Reichert et al. and/or Hatta et al., either alone 
or in combination therewith, for at least the reasons stated above, claims 4 and 5, which 
further define claim 1 , are likewise allowable. 

Accordingly, the 35 USC §1 03(a) rejection of claims 4 and 5 has been overcome. 

Neither Reichert et al. and/or Hatta et al., either alone or in combination 
therewith, teach or suggest such a structure as recited in claim 9, as amended. 

Specifically, while Reichert et al. may arguably disclose a two-stage hydraulic 
circuit, there is no teaching of a "servo providing a rapid activation of the linkage during 
a first stage to rapidly expand said brake band, and a controlled compression and 
expansion of said brake band during a second stage; and ... [the] servo activating said 
linkage to provide positive compression and expansion to said brake band for applying 
friction to the brake drum to control the brake drum's speed of rotation; wherein said 
servo includes a first piston and a second piston, said first piston being smaller than 
said second piston, said first piston being operable to provide rapid movement of said 
brake band and said second piston being operable to provide fine adjustments of said 
brake band." 

As previously noted, although Hatta et al. may arguably suggest a piston position 
sensor, the Examiner is correct that Hatta et al. fail to teach or suggest a servo rod 
position sensor. However, Hatta et al. does not cure the aforementioned deficiencies in 
the disclosure of Reichert et al. 

Accordingly, the 35 U.S.C. §1 03(a) rejection of claim 9 has been overcome. 
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Because claim 9 is allowable over Reichert et al. and/or Hatta et al., either alone 
or in combination therewith, for at least the reasons stated above, claim 11, which 
further defines claim 9, is likewise allowable. 

Neither Reichert et al. and/or Hatta et al., either alone or in combination 
therewith, teach or suggest such methodology as recited in claim 13, as amended. 

Specifically, while Reichert et al. may arguably disclose a two-stage hydraulic 
circuit, there is no teaching of a method for "applying a first fast active compression 
force to said brake band to a predetermined position ... wherein a two-stage servo is 
used for controlling said brake band; wherein said servo has a first stage for rapidly 
applying band pressure, and a second stage for providing positive finite control of both 
apply and release pressures on said brake band during the shift." 

Again, as previously noted, although Hatta et al. may arguably suggest a piston 
position sensor, the Examiner is correct that Hatta et al. fail to teach or suggest a servo 
rod position sensor. However, Hatta et al. does not cure the aforementioned 
deficiencies in the disclosure of Reichert et al. 

Accordingly, the 35 U.S.C. §1 03(a) rejection of claim 13 has been overcome. 

Because claim 13 is allowable over Reichert et al. and/or Hatta et al., either 
alone or in combination therewith, for at least the reasons stated above, claims 18-21 
and 23, which further define claim 13, are likewise allowable. 

Argument Regarding the 35 (JSC S1 03(a) Rejection of Claims 4. 5. 13-15 and 18-23 

Claims 4, 5, and 13-15, and 18-23 are rejected under 35 USC §1 03(a) as being 
unpatentable over JP-1 1264460 to Hisano et al. in view of U.S. Patent No. 5,003,842 to 
Hatta et al. 
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The Applicants respectfully traverse the 35 U.S.C. §1 03(a) rejection of claims 4, 
5, 13-15, and 18-23. 

The Examiner apparently cited Hatta et al. in order to cure the aforementioned 
deficiencies in the disclosure of Hisano et al. Again, as previously noted, although 
Hatta et al. may arguably suggest a piston position sensor, the Examiner is correct that 
Hatta et al. fail to teach or suggest a servo rod position sensor. However, Hatta et al. 
adds nothing to the disclosure of Hisano et al. in terms of disclosing the structure and 
function of the two stage hydraulic servo of the invention, as presently recited in claim 1, 
as amended. 

Because claim 1 is allowable over Hisano et al. and/or Hatta et al., either alone 
or in combination therewith, for at least the reasons stated above, claims 4 and 5, which 
further define claim 1, are likewise allowable. 

Accordingly, the 35 USC §1 03(a) rejection of claims 4 and 5 has been overcome. 

Furthermore, neither Hisano et al. and/or Hatta et al., either alone or in 
combination therewith, teach or suggest such methodology as claimed in claim 13. 

Specifically, while Hisano et al. may arguably disclose a two-stage hydraulic 
circuit, there is no teaching of a method for "applying a first fast active compression 
force to said brake band to a predetermined position ... wherein a two-stage servo is 
used for controlling said brake band; wherein said servo has a first stage for rapidly 
applying band pressure, and a second stage for providing positive finite control of both 
apply and release pressures on said brake band during the shift." 

Again, as previously noted, although Hatta et al. may arguably suggest a piston 
position sensor, the Examiner is correct that Hatta et al. fail to teach or suggest a servo 
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rod position sensor. However, Hatta et al. does not cure the aforementioned 
deficiencies in the disclosure of Hisano et al. 

Accordingly, the 35 USC §1 03(a) rejection of claim 13 has been overcome. 

Because claim 13 is allowable over Hisano et al. and/or Hatta et al., either alone 
or in combination therewith, for at least the reasons stated above, claims 14, 15 and 18- 
23, which further define claim 13, are likewise allowable. 

Argument Regarding the 35 USC S1 03(a) Rejection of Claim 6 

Claim 6 is rejected under 35 USC §1 03(a) as being unpatentable over Reichert 
et al. in view of U.S. Patent No. 4,070,981 to Guinn et al. 

The Applicants respectfully traverse the 35 USC §1 03(a) rejection of claim 6. 

The Examiner apparently cited Guinn et al. in order to cure the aforementioned 
deficiencies in the disclosure of Reichert et al. Although Guinn et al. may arguably 
disclose a strain sensor, it adds nothing to the disclosure of Reichert et al. in terms of 
disclosing the structure and function of the two-stage hydraulic servo, wherein the servo 
provides a rapid activation of the linkage during a first stage to rapidly expand the brake 
band, and a controlled compression and expansion of the brake band during a second 
stage, as presently recited in claim 1 , as amended. 

Furthermore, Guinn et al. discloses a mooring system for floating drilling vessels 
and does not appear to even mention automatic transmissions. Thus, one of ordinary 
skill in the art would not look to Guinn et al. for guidance on constructing or operating an 
automatic transmission as presently claimed. 

Because claim 1 is allowable over Reichert et al. for at least the reasons stated 
above, claim 6, which further defines claim 1 , is likewise allowable. 

16 


Accordingly, the 35 USC § 103(a) rejection of claim 6 has been overcome. 


Argument Regarding the 35 USC S1 03(a) Rejection of Claim 6 

Claim 6 is rejected under 35 USC §1 03(a) as being unpatentable over JP- 
1 1264460 in view of U.S. Patent No. 4,070,981 to Guinn et al. 

The Applicants respectfully traverse the 35 USC §1 03(a) rejection of claim 6. 

The Examiner apparently cited Guinn et al. in order to cure the aforementioned 
deficiencies in the disclosure of Hisano et al. Although Guinn et al. may arguably 
disclose a strain sensor, it adds nothing to the disclosure of Hisano et al. in terms of 
disclosing the structure and function of the two-stage hydraulic servo, wherein the servo 
provides a rapid activation of the linkage during a first stage to rapidly expand the brake 
band, and a controlled compression and expansion of the brake band during a second 
stage, as presently recited in claim 1 , as amended. 

Furthermore, Guinn et al. discloses a mooring system for floating drilling vessels 
and does not appear to even mention automatic transmissions. Thus, one of ordinary 
skill in the art would not look to Guinn et al. for guidance on constructing or operating an 
automatic transmission as presently claimed. 

Because claim 1 is allowable over Hisano et al. for at least the reasons stated 
above, claim 6, which further defines claim 1 , is likewise allowable. 

Accordingly, the 35 USC § 103(a) rejection of claim 6 has been overcome. 
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Argument Regarding the 35 USC §1 03(a) Rejection of Claim 12 

Claim 12 is rejected under 35 USC §1 03(a) as being unpatentable over Reichert 
et al. in view of U.S. Patent No. 5,003,842 to Hatta et al. as applied to claim 9 above, 
and further in view of Guinn et al. 

The Applicants respectfully traverse the 35 USC §1 03(a) rejection of claim 12. 

The Examiner apparently cited Guinn et al. in order to cure the aforementioned 
deficiencies in the disclosure of Reichert et al. and/or Hatta et al. Although Guinn et al. 
may arguably disclose a strain sensor, it adds nothing to the disclosure of Reichert et al. 
and/or Hatta et al. in terms of disclosing the structure and function of the two-stage 
hydraulic servo, wherein the servo provides a rapid activation of the linkage during a 
first stage to rapidly expand the brake band, and a controlled compression and 
expansion of the brake band during a second stage, as presently recited in claim 9, as 
amended. 

Furthermore, Guinn et al. discloses a mooring system for floating drilling vessels 
and does not appear to even mention automatic transmissions. Thus, one of ordinary 
skill in the art would not look to Guinn et al. for guidance on constructing or operating an 
automatic transmission as presently claimed. 

Because claim 9 is allowable over Reichert et al. and/or Hatta et al., either alone 
or in combination therewith, for at least the reasons stated above, claim 12, which 
further defines claim 9, is likewise allowable. 

Accordingly, the 35 USC §1 03(a) rejection of claim 12 has been overcome. 
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Conclusion 

For the reasons advanced above, appellant respectfully urges that the rejections 
of claims 1, 4-9, 11-15 and 18-23 under 35 USC §§102(b) and/or 103(a) are improper. 
Reversal of the rejections in this appeal is respectfully requested. 
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APPENDIX 

COPY OF CLAIMS INVOLVED IN THE APPEAL 
1 . A brake band mechanism for an automatic transmission having a brake 
drum, said mechanism comprising: 

a brake band encircling the brake drum, said brake band including 
opposing ends, said brake band operable to be compressed and expanded around the 
brake drum; 

a two-stage hydraulic servo; and 

a linkage coupled to said servo and said brake band, said servo activating 
said linkage to provide positive compression and expansion to said brake band for 
applying friction to the brake drum to control the speed of rotation of said brake drum; 

wherein said servo provides a rapid activation of said linkage during a first 
stage to rapidly expand said brake band, and a controlled compression and expansion 
of said brake band during a second stage. 

4. The mechanism according to claim 1 further comprising a position sensor, 
said position sensor sensing the position of a piston of said servo. 

5. The mechanism according to claim 1 further comprising at least one 
linkage sensor, said at least one linkage sensor sensing the position of said linkage. 

6. The mechanism according to claim 1 further comprising at least one band 
strain sensor, said at least one band strain sensor measuring the strain on said brake 
band. 
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7. The mechanism according to claim 1 wherein said servo includes a first 
piston and a second piston, said first piston being smaller than said second piston, said 
first piston being operable to provide rapid movement of said brake band and said 
second piston being operable to provide fine adjustments of said brake band. 

8. The mechanism according to claim 1 further comprising a clip structure, 
said clip structure being mounted to at least one of the opposing ends of said brake 
band and being coupled to said linkage. 

9. A brake band mechanism for an automatic transmission having a brake 
drum, said mechanism comprising: 

a brake band encircling the brake drum, said brake band including 
opposing ends, said brake band operable to be compressed and expanded around the 
brake drum; 

a linkage coupled to said brake band; 

a two-stage hydraulic servo, said linkage coupled to said servo, said servo 
including a servo rod position sensor for determining a position of a stroke rod of said 
servo, said servo providing a rapid activation of the linkage during a first stage to rapidly 
expand said brake band, and a controlled compression and expansion of said brake 
band during a second stage; and 

a clip structure, said clip structure being mounted to an end of said brake 
band and being coupled to said linkage, said servo activating said linkage to provide 
positive compression and expansion to said brake band for applying friction to the brake 
drum to control the speed of rotation of said brake drum; 
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wherein said servo includes a first piston and a second piston, said first 
piston being smaller than said second piston, said first piston being operable to provide 
rapid movement of said brake band and said second piston being operable to provide 
fine adjustments of said brake band. 

11. The mechanism according to claim 9 further comprising at least one 
linkage sensor, said at least one linkage sensor sensing the position of said linkage. 

12. The mechanism according to claim 9 further comprising at least one band 
strain sensor, said at least one band strain sensor measuring the strain on said brake 
band. 

1 3. A method of controlling a shift of an automatic transmission comprising: 
providing a brake band for engaging a brake drum of an automatic 

transmission, said brake band being positively controlled for both apply and release 
pressure around said brake drum; 

applying a first fast active compression force to said brake band to a 
predetermined position; and 

providing a closed loop control of pressure on said brake band in both 
positive apply and release directions for controlling shift parameters of the transmission, 
based on a predetermined input; 

wherein a two-stage servo is used for controlling said brake band; 
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wherein said servo has a first stage for rapidly applying band pressure, 
and a second stage for providing positive finite control of both apply and release 
pressures on said brake band during the shift. 

14. The method of claim 13 wherein said shift parameters are selected from 
the group consisting of servo position, apply strut strain, servo pressure, band strain, 
engine RPM, transmission torque output, and combinations thereof. 

15. The method of claim 13 further comprising a closed loop software control 
system controlling an apply solenoid. 

18. The method of claim 13 wherein said method comprises controlling said 
shift by first ramping up the pressure at the beginning of said shift and releasing 
pressure toward the end of said shift. 

19. The method of claim 18 wherein said brake band is locked in an applied 
position after the completion of said shift. 

20. The method of claim 18 wherein a switch between ramping up and closed 
loop control is determined by inputs selected from the group consisting of servo 
position, apply strut strain, servo pressure, band strain, engine RPM, transmission 
torque output, and combinations thereof. 
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21. The method of claim 18 wherein both apply and release pressures are 
independently controlled. 

22. The method of claim 21 wherein solenoids are used to independently 
control the apply and release hydraulic pressure. 

23. The method of claim 13 wherein said first stage is a smaller volume piston 
than said second stage. 
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determining the synchronization so that the rotational ele- 
ment is stopped gradually as preventing a long shift time. 
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FIG. 3 
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CONTROL SYSTEM FOR AUTOMATIC In order to achieve the aforementioned objects, a control 

TRANSMISSION system for an automatic transmission of the invention com- 

prises a frictional engagement element which is engaged to 
BACKGROUND OF THE INVENTION establish a high speed gear stage, a rotational element which 

1. Field of the Invention 5 * en g a S ed to establish a low speed gear stage and of which 
" . . , - . the rotational direction at establishing the high speed gear 

mventlon rclates % a ™ nfro1 f y stem for ™ a f> matlc stage is opposite to an operational direction of a reaction 

^ansmission. More specifically, it relates to a control system to me rotational element at establishing the low speed 

for reducing a shift shock during a down shift. ge „ stage , a brake that stops the rotational element from 

2. Description of Related Art 10 rotating, and a control unit which controls the hydraulic 
An automatic transmission performs gear shift by chang- pressures for the frictional engagement element and the 

ing power transmission lines through planetary gear units in brake. 

a gear train. Frictional engagement elements connected to a The brake is structured from a band brake which has a 

particular rotational element of the planetary gear units are difference of the engagement force based on a self- 

properly engaged/disengaged by hydraulic servos so that the is energizing operation and a de-energizing operation. The 

power transmission lines are changed. An electronic control band brake is set so that the direction of the self-energizing 

system controls a hydraulic control system. The hydraulic operation is the same with an operational direction of a 

control system controls the hydraulic servos. reaction torque from the rotational element at establishing 

In this automatic transmission, when the downshift from the low speed gear stage. Further, the band brake is set in 
a high speed gear stage to a low speed gear stage is 20 order to have a region in which a hydraulic pressure, which 
performed, a frictional engagement element engaged in the is needed to engage the rotational element when the low 
high speed gear stage is disengaged and a frictional engage- speed gear stage is established, is lower than a hydraulic 
ment element engaged in the low speed gear stage is pressure, which is needed to engage the rotational element 
engaged. At that time, when the timing between the disen- when the high speed gear stage is established, 
gagement and the engagement is improper, an engine racing 25 j^e control unit comprises a disengaging device which 
or a tie-up shock occur. Japanese patent application laying- disengages the frictional engagement element at the down- 
open No. 63-266258 describes a feedback control to prevent sh jft me gear stage to me i ow gear 
engine racing and tie-up shock. In this control, when the stagCy a synchronization determining device which deter- 
aforementioned down shift is performed, an input rotation mmes that the input rotation of the automatic transmission is 
speed of the automatic transmission is changed smoothly at 3° synchronized with the rotation at the low speed gear stage, 
around the synchronizing rotation for the low speed gear a constant pressure maintaining device which maintains the 
stage, then it takes the rotation change of the rotational hydraulic pressure applied to the hydraulic servo of the band 
member into a target rotation change by the feedback control brake with a waiting pressure, which is lower for a prede- 
to prevent engine racing and tie-up shock. termined amount than a pressure stopping the rotation of the 

In an automatic transmission, the frictional engagement 35 rotational element in the direction of the self-energizing 
elements are controlled through the hydraulic control sys- operation and with which the input rotation is raced for a 
tem. Therefore, even when the electronic control system basic racing amount after a synchronizing point, until the 
controls electrically and minutely, it is difficult to perform synchronization is determined by the synchronization deter- 
proper follow-up control because of a limitation of hydraulic mining device, and a pressure increasing device which 
responsiveness and a dispersion of mechanical character of 40 increases the hydraulic pressure applied to the hydraulic 
the frictional engagement elements. Especially, in the afore- servo from the waiting pressure in order to stop tie rota- 
mentioned art, the rotation of the rotational member is tional element from rotating after determining the synchro- 
controlled to achieve the target rotation change set based on nization. 

the rotation in the shift transition. Therefore, a complicated control unit stores a premeditated waiting pressure 

control is needed. value to provide the basic racing amount, and comprises a 

SUMMARY OF THE INVENTION maximum racing amount detecting device which detects a 

1 i " l " maximum racing amount of the input rotation speed based 

In view of the above problems associated with the related on the input rotation speed of the automatic transmission, 

art, an object of the invention is to provide a control system 5q The control unit comprises a learning device which renews 

for an automatic transmission which prevents engine racing the stored waiting pressure value in order to achieve the 

and tie-up shock during a downshift, and in which an effect basic racing amount by comparing the basic racing amount 

of hydraulic responsiveness is reduced with a simple struc- with the maximum racing amount after the end of the 

ture. downshift. 

Another object of the invention is to prevent a change of 55 The multiple waiting pressure values are stored in the 

shift character caused by a dispersion of character of each control unit corresponding to the throttle opening of the 

transmission. engine and the output rotation speed as parameters, and the 

Another object of the invention is to achieve a proper shift waiting pressure value is selected corresponding to the 

character corresponding to an operation state of an auto- throttle opening and the output rotation speed at the shift 

matic transmission with a simple control. ^ start. 

Another object of the invention is to prevent a shock The pressure increasing device increases the hydraulic 

caused by steeply engaging the frictional engagement ele- pressure with a predetermined rate, which increases when 

ment and an extension of a shift time during a downshift the throttle opening of the engine increases, after determin- 

irrespective of a transmission torque of an automatic trans- ing the synchronization. 

mission. 65 The pressure increasing device increases the hydraulic 

Another object of the invention is to reduce a shift shock pressure at a predetermined rate and controls the hydraulic 

based on a difference of vehicle speeds during a downshift. pressure in order that the input rotation speed changes at a 
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target rate, which reduces when the output rotation speed of is more certainly prevented by setting the gradient to reduce 

the automatic transmission reduces. when the output rotation speed reduces. 

According to the invention, the rotation of the rotational 

element reduces to synchronize with the rotation of the BRIEF DESCRIPTION OF THE DRAWINGS 

rotational element at the low speed gear stage. That is, the 5 ^ mvention ^ ^ described m conjunction with the 

rotation of the rotational element reduces to stop. In this following drawings in which like features are designated 

case, the de-energizing operation occurs at the band brake. ^ Uke reference characters, and wherein: 

Therefore, the rotational element is not stopped from rotat- . . „ t . . r 

u *u u j u 1 u .u ♦ r FIG. 1 is a circuit diagram showing a first embodiment of 

me by the band brake, because the engagement force . A . A e to 4 4 r t c A . 

j t_ - , - f. j . . v * n the control system for an automatic transmission of the 

occurred by the application of the aforementioned hydraulic 10 . ' 

invention* 

pressure is small. After that, when the rotational element is ' 

stopped from rotating and then the reverse rotation of the FIG. 2 is a system structuring diagram showing the entire 

rotational element is started, the self-energizing operation structure of an automatic transmission provided with the 

occurs. Therefore, the engagement force of the band brake shift mechanism of the invention, which is shown schemati- 

steeply increases to stop the rotational element from rotat- 15 cally; 

ing. FIG. 3 is an operation diagram of the automatic trans- 

In this case, the hydraulic pressure applied to the hydrau- mission; 

lie servo of the band brake is the waiting pressure, which is FIG. 4 is a chart showing a needed engagement force of 

lower for the predetermined amount than the hydraulic a brake of the automatic transmission to establish a low 

pressure to maintain the stop of the rotation of the rotational 20 speed gear stage; 

element. Therefore, the rotational element is not steeply FIG. 5 is a time chart for a shift control of the first 

stopped, that is, the rotation of the rotational element embodiment; 

x changes gradually. FIG. 6 is a main flowchart for tbe shift control by the 

Then, after determining the synchronization, the hydrau- control system; 

lie pressure increases to stop the rotational element from piG. 7 is a flowchart for a subroutine of a B-2 control 

rotating and then the shift is ended. Therefore the respon- ^ me §hift b ^ 

sibdity of the hydraulic pressure is not made to be a problem, 0 . „ , , \ . , __ it 

because the characteristic of the band brake changes and the A RG * « ^ a flowchart for a subroutme of a B-3 control 

engagement force increases corresponding to the rotational w durm S the shift by the control system; 

state of the rotational element by setting the hydraulic FIG. 9 is a flowchart for a subroutine of a servo starting 

pressure as above. That is, a control to change the hydraulic control in the control system; 

pressure is not needed. Further, the rotation of the rotational FIG. 10 is a chart of a synchronizing pressure map for a 

element changes gradually at around the synchronizing B-3 pressure in the control system; 

rotation without a feedback control performed based on the p! G n is sl chart of an engagement gradient map for a 

rotation speed before the synchronization. Therefore, large 3.3 pressure in the control system; 

engine racing and large tie-up shock are prevented with a FKS. 12 is a chart of a synchronized time guard timer map 

simple control. m me control system; 

EvenAvheaeach automatic transn^ssion has o^persion^or maUisil flowch art for a subroutine of a B-3 pressure 

the band brake and the operational fluid of the automatic ^ leamin control in me autaDl ^ 

transmission detenorate with age, the racmg amount is 9 . . 

always controlled properly to reduce shift shock because the nG 14 * a chart of 8 B " 3 P ressure correctlon ma P m the 

waiting pressure value, with which the basic racing amount control system; 

of the rotational element is determined, is renewed based on FIG. 15 is a flowchart for the first half of a subroutine of 

the actual maximum racing amount. 45 a shift time B-3 control in a shift control of the second 

It is preferable that the waiting pressure is set based on the embodiment; 

input torque and the inertia torque of the transmission at the FIG. 16 is a flowchart for the last half of a subroutine of 

shift end to reduce the shift shock. In this case, a compli- a shift time B^3 control; 

cated calculation will be needed to exacdy calculate these FIG. 17 is a shift end time synchronized time map in the 

torque values. In the invention, the multiple waiting pressure 50 control system of the second embodiment; and 

values are stored based on the throttle opening of the engine F1Q 18 fa a time chart of ^ last half of me sMft in the 

and the output rotation speed of the automatic transmission. control system of the second embodiment. 

Therefore, the waiting pressure corresponds to the input 

torque based on the throttle opening and the output rotation DETAILED DESCRIPTION OF PREFERRED 

speed, and to the inertia torque based on the output rotation 55 EMBODIMENTS 
speed. As a result, the waiting pressure is made to be proper 

with a simple method. The invention will become more apparent from the 

Hie steep engagement at the low throttle opening and the delaUed description of preferred embodiments with refer- 

extension of the shift time at the high throttle opening are ence to the accompanymg drawings, 

prevented by increasing the hydraulic pressure at the pre- 60 FIG. 2 shows an automatic transmission having a control 

determined rate, which increases when the throttle opening system of the invention. The structures of the automatic 

increases, after determining the synchronization. transmission are described below. 

A rate of the turbine rotation maximum racing amount to The automatic transmission comprises a torque converter 
the whole rotation change amount in the shift in the low 12 having a lock-up clutch L/C and interlocking to a 
vehicle speed is higher than the case of the high vehicle 65 vehicular engine E/G, a shift mechanism having three plan- 
speed. Therefore, a steep rotation change to the whole etary gear sets Ml, M2, M3 that shift the output from the 
rotation change in the shift is prevented. Then, a shift shock torque converter 12 to five forward speeds and one back- 
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ward speed, and differential unit 21 interlocking through a by the rotation of the small-diameter pinion gear p2, reacting 

counter gear 20, which is also a speed reducing mechanism, the sun gear s2 having a larger diameter than the sun gear si, 

to the shift mechanism, and transmitting the reduced output with respect to the rotation of the carrier cl. 

to left and right wheels of the vehicle. The reverse gear stage is established by engaging the 

In the shift mechanism of the automatic transmission, * clutch C-l and the brake B-R In ithis case, the rotation from 

pinion gears pi and p2, which have different diameters each te m P ut sh f J 4 * transmitted through the clutch C-l to the 

other, of the gear sets Ml and M2, are directly connected sun *™ the ^n of the earner cl » stopped by 

. ' ~ . - . »w« • * j * engaging the ring gear r3 with the case 10 due to the 

each other a ring gear rl of the gear set Ml is connected to en | a ^ e 4 ntof B . R> ^ , he reveise rolation of the 

a earner c3 of the gear set M3 , a nng gear r3 oftoe gear set ^ ^ ^ decelerated b the rotation of the 

M3 is connected to a earner cl of the gear set Ml, and a sun 10 . . b ' . . „,,.,,„. „„ ■ , „, ,„ ,. 

- . . ... * . pinion gear pi, is outputted through the earner c3 to the 

gear si and a earner cl of the gear set Ml are input members out ul ear 19 

and connected through clutches C-l and C-2, respectively, to oupu gear ■ ... . . . u i 

an in ut shaft 14 In the automatic transmission thus structured, the brake 

™ ' .. . ... .. B-2 is the firictional engagement element which is engaged 

The input shaft 14 is ^interlocked to a turbine shaft 13 of , 0 establish me ^ ^ gear ^age, the sun gear s3 is the 

the torque converter 12. The ring gear rl and earner c3 rotationa] e i ement whkh ^ s1opped fro m rot ating to estab- 

interlocking each other are interlocked to an output gear 19 ^ ^ low ^ stage> ^ me 5rake B . 3 ^ ^ brake 

The sun gear si of the gear set Ml is able to be engaged to A the roUtion of me sun gear ^ ^ system 

through a brake B-l with a transmission case 10 The sun & e hydraulic pressure to the hydraulic servos of 

gear s2 of the gear set M2 ls able to be engaged through a ^ bfakes B2 ^ B _ 3 is stmctured ^ a circuit within the 

brake B-2 with the transmission case 10. The sun gear s3 of hydrauKc system s ^ a program stored m the 

the gear set M3 is able to be engaged through a brake B-3 el6ctronic system 6 controlling the circuit with 

with the transmission case 10. The ring gear r3 interlocking c i ec tric signals 

to the carrier cl is able to be engaged through a brake B-R M ^ qwq ^ ± m me b ^ fi3 ^ a 

with the trar*mission case 10 The output gear 19, a^ an dmm 31 a band 32 ^ a h dfaulic ^ 4 ^ drum 31 

output member, ^ mterbeked through the punter gear 2» to fc mterlocked to me „ ar ^ ^ e band 32 comprises 

the differential unit 21. The brakes, except for the brake B-R, ^ ^ M ^ ^ Qn ^ outef rf ^ of ^ 

arebaridbrakes.^ band 32. The anchor side bracket 33 is attach^ to an anchor 

hydrauhc servos for the brakes are not shown in the figure. p . Q 3g wfaich fc fixed tQ me case m ^ apply ^ bracket 

The automatic transmission thus structured establishes ^ 34, 0 n the pressure apphcation side, is attached to the end of 

each gear stage by selectively engaging and disengaging the a pist0Q ^ 42 of me hydraulic servo 4. The elasticity of the 

clutches and the brakes, as shown in FIG. 3. In FIG. 3, band 32 m a mrection for opening, i.e., toward the hydrauhc 

circles constitute engagement. The clutches and the brakes scni0 4> biases the bracket 34 to the piston rod 42. Because 

are engaged and disengaged by applying/draining hydraulic of me characteristics of the mechanism of the brake B-3, at 

pressures to/from the hydrauhc servos according to the 35 me engagement of the brake B-3, when the drum 31 receives 

clutches and the brakes based on a control by an electronic a counterclockwise torque as shown in the FIG. 1, the 

control system 6 and a hydrauhc control system 5. frictional force that occurs by engaging the band 32 with the 

The first gear stage is established by engaging the clutch drum 31 acts on the band 32 in a direction to further tighten 

C-l and the brake B-3. In this case, the rotation from the the band 32. Therefore, a selfenergizing (referred to as 

input shaft 14 is transmitted through the clutch C-l to the 40 self-energy hereafter), which increases the brake engaging 

sun gear si, then outputted as the rotation of the carrier c3, forces, occurs. When the drum 31 receives a clockwise 

which is the most reduced rotation by engaging the brake torque, the frictional force that occurs by engaging the band 

B-3 that stops the sun gear s3 from rotating, to the output 32 with the drum 31 acts on the band 32 in a direction to 

gear 19. The second gear stage is established by engaging release the band 32. Therefore, a de-energizing (referred to 

the clutch C-2 and the brake B-3. In this case, the rotation 45 as de-energy hereafter), which reduces the brake engaging 

from the input shaft 14 is transmitted through the clutch C-2 forces, occurs. As a result, the engagement forces of the 

and the carrier cl to the ring gear r3, then outputted as the brake B-3 are different based upon the direction of the 

differential rotation of the carrier c3, which serves as a reacting torque applied on the sun gear s3. 

reaction element reacting to the sun gear s3 stopped from The hydraulic servo 4 of the brake B-3 comprises a servo 

rotating by engaging the brake B-3, to the output gear 19. 50 cylinder 40 having cylinder bores S^., S s which have differ- 

The third gear stage is established by the directly connecting e nt diameters, a large diameter piston 44 slidably inserted in 

state of the planetary gear set Ml achieved by engaging the large bore S^, a small diameter piston 43 slidably 

clutches C-l and C-2. In this case, the rotation from the input inserted in the small bore S s , a rod 42 inserted through both 

shaft 14 is outputted as the rotation of the carrier c3 to the 0 f the pistons 43 and 44 and always seated against or in 

output gear 19. 55 contact with the small diameter piston 43, a separator spring 

The fourth gear stage and above of the transmission 45 and a return spring 46 which are formed from compressed 

operate as an overdrive. The fourth gear stage is established coil springs having different diameters, and a lid 41 covering 

by engaging the clutch C-2 and engaging the brake B-l an opening in the end of the large bore S^. The rod 42 fixed 

stopping the sun gear si from rotating. In this case, the against the small diameter piston 43 slidably protrudes 

rotation from the input shaft 14 is transmitted to the output 60 through an end wall on the small bore S 5 side of the servo 

gear 19 through the carrier c3 as the rotation of the ring gear cylinder 40 and is attached to the bracket 34 of the band 32. 

rl, which is accelerated by the rotation of the pinion gears The large diameter piston 44 is slidably retained by the rod 

pi with respect to the rotation of the carrier cl. The fifth gear 42. The separator spring 45 having a smaller diameter than 

stage is established by engaging the clutch C-2 and the brake the return spring 46 is arranged with a predetermined load 

B-2. In this case, the rotation from the input shaft 14 is 65 setting between the small diameter piston 43 and the large 

transmitted to the output gear 19 through the carrier c3 as the diameter piston 44. The return spring 46 having a larger 

rotation of the ring gear rl, which is additionally accelerated diameter than the separator spring 45 is arranged with a 
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predetermined load setting between the end wall of the servo The band brake B-3 has the aforementioned region when 

cylinder 40 and the large diameter piston 44. the output shaft is driven by the drive torque from the 

The hydraulic control system 5 controlling the hydraulic engine, that is, when the vehicle is in a power on state in 

servo 4 comprises a hydraulic pressure source 50 having a which an accelerator pedal is depressed, and when the 

pump as a main body for the line pressure P x , a B-2 control 5 accelerator pedal is released, the vehicle is driven with a 

valve 51 connected through a line pressure hydraulic path p rather low speed and the engine rotates with less rotation 

to the hydraulic pressure source 50, modulating the line speed than the idle rotation. The band brake B-3 does not 

pressure P z and outputting the modulated pressure to the have the aforementioned region when the engine is driven 

hydraulic servo of the brake B-2, a B-3 control valve 52 by the drive torque from the output shaft, that is, when the 

connected to the line pressure hydraulic path p, modulating 1Q vehicle is in a coast state, because the direction of the 

the line pressure P A and outputting the modulated pressure reaction force reacting to the brake drum 31 changes to the 

to the hydraulic servo 4, a solenoid modulator valve 53 positive direction. Therefore, this invention is applied in the 

connecting to the line pressure hydraulic path p, reducing the casc m wn i c h the output shaft is driven by the drive torque 

line pressure and outputting the reduced pressure to a horn the engine 

modulator pressure hydraulic path m, a linear solenoid valve This setting is described with reference to FIG. 4. FIG. 4 

54 outfitting a solenoid signal pressure which is based on fa chM tha * hows ^ h re needed t0 

the modulator pressure Pm reduced at the solenoid modu- . - . . . , * • j * * • *: J7 I 

lator valve 53, through a hydraulic path q to the B-2 control ^ band b l£ e f a Predetermmed output rotation speed As 

valve 51, and a linear solenoid valve 55 outputting a shown in FIG. 4, die hydraulic pressure, which is needed to 

solenoid signal pressure, which is based on the modulator completely stop the rotational element at the rotation in the 

pressure Pm reduced at the solenoid modulator valve 53, 20 self-energy direction as shown with a solid line, is lower 

through a hydraulic path r to the B-3 control valve 52. man the pressure, which is needed at the rotation in the 

The electronic control system 6 controlling the linear de-energy direction as shown with a solid line. As a result, 

solenoid valves 54 and 55 are connected to the solenoids of me reverse rotation of the rotational element is able to be 

the both valves. Further, as shown in FIG. 2, the electronic stopped by the hydraulic pressure needed for stopping the 

control system 6 is connected to a throttle opening sensor 71, 25 rotation in the self-energy direction as a one-way clutch, 

a turbine rotation speed sensor 72, output rotation speed However, in case that the hydraulic pressure is set as shown 

sensor 73, and an automatic transmission fluid (ATF) tem- with a dotted line wherein a certain engine racing occurs at 

perature sensor 74. The throttle opening sensor 71 is used to the end of the shift, the steep brake engagement at the 

determine the shift and to select a map discussed below. The reverse rotation of the rotational element is prevented so that 

turbine rotation speed sensor 72 is used to detect the 30 the smooth shift is performed. In effect, it is very compli- 

transmission input rotation speed to determine the shift start cated to calculate the input torque and the inertia torque at 

and the synchronization. The output rotation speed sensor 73 the engagement of the brake, that is, at shift end. Therefore, 

is used to detect the vehicle speed for selecting a map data. in this embodiment, an easy control is performed by storing 

The ATF temperature sensor 74 is used to select the map. a data, which sets a relation between an output rotation 

The band brake B-3 is set to have a region in which a 35 speed Nout and a waiting pressure value APB3 with a 

pressure, which is needed to engage the brake drum 31 when throttle opening THR as a parameter, as shown in a B-3 

the brake drum 31 interlocked to the sun gear s3 rotates in pressure synchronization pressure map for the 5-2 shift as 

the direction of the reacting force operated to the brake drum shown in FIG. 10 discussed below. 

31 (negative direction) at the second gear stage, is lower An apparatus mat performs me control includes a program 

than a pressure, which is needed to engage the brake drum 40 stored in the electronic control system 6. The control per- 

31 when the brake drum 31 rotates in the direction of the formed by the program will be conceptually described with 

rotation at the fifth gear stage (positive direction). That is, reference to a time chart. FIG. 5 shows the time chart for a 

the de-energy occurs in the band brake B-3 when the brake 5-2 shift control which is an example of a down shift. In this 

drum 31 rotates in the positive direction, and the self-energy case, at first, a B-2 pressure PB2 applied to the hydraulic 

occurs in the band brake B-3 when the brake drum 31 rotates 45 servo of the brake B-2 is an engagement pressure according 

in the negative direction or when the brake drum 31 is in a to the input torque, and a B-3 pressure PB3 applied to the 

stopping state and the torque having the negative direction hydraulic servo of the brake B-3 is zero which means a 

is operated. releasing state. A turbine rotation speed NT is a low rotation 

In detail, when the fifth gear stage is established, the speed synchronized with the rotation of the fifth gear stage, 

rotation, which having the positive direction, inputted 50 The throttle opening THR is zero which means a throttle off 

through the clutch C-2 to the carrier cl is accelerated by state. An output torque Tout is a negative value which means 

stopping the sun gear s2 from rotating and outputted from an engine coasting state. A B-3 drum rotation speed NB3 is 

the ring gear rl. Then, the rotation from the ring gear rl is in an idle running state, and the direction of the rotation is 

outputted through the carrier c3 to the output gear 19. In this the de-energy direction. 

case, the sun gear s3 rotates in the positive direction because 55 When the throttle opening THR is increased by, for 
the ring gear r3 rotates with the input rotation the same as the example, a kick-down, the control is started based on the 5-2 
carrier cl and the carrier c3 rotates with the accelerated shift determination by the electronic control system 6. The 
rotation, which is higher than the input rotation, the same as B-2 pressure PB2 is increased to a high value by an increase 
the ring gear rl. Therefore, the brake drum 31 rotates in the of a throttle pressure due to the increase of the throttle 
positive direction. When the second gear stage is 60 opening so that the engagement of the brake B-2 is main- 
established, the rotation inputted through the clutch C-2 and tained according to the increase of the torque. Then, the high 
the carrier cl to the ring gear r3 is decelerated by stopping value is maintained for a predetermined time by a timer 
sun gear s3 from rotating and outputted from the carrier c3 control so that the engine racing due to the under lap of the 
to the output gear 19. In this case, the sun gear s3 receives both brakes B-2 and B-3 is prevented. In this case, the output 
the reaction force having the negative direction. Therefore, 65 torque Tout changes to a positive value because the engine 
the brake drum 31 receives this reaction force having the state changes to the engine drive state. The B-3 pressure PB3 
negative direction. increases to a first fill pressure P 5J to fill the clearance of the 
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hydraulic servo piston and maintained at the value for a at step S31, a servo starting control is performed. This 

predetermined time t^. starting control is shown in FIG. 9. At step S31-1, a timer for 

When the predetermined time t~ to fill the clearance has ^ timcr 0001101 » started ( t=0 )- At S31 ' 2 ^ lhe P^ess, 

elapsed, the B-3 pressure PB3 is reduced to a stroke pressure m whicn ^plication pressure PB3 is set to be the first fill 

pjat a predetermined rate. Then, the B-3 pressure PB3 is 5 Pressure P S1 to fill the invalid stroke of the piston is 

• . • j * *u « i d 4 i a * a performed. In detail, the output to the linear solenoid valve 

main tamed at the stroke pressure P^ until a predetermined ^ ^ ^CUm M ^ a dut ratjo ^ which the 

time t^ has elap^TTie B-2 pressure PB2 is .drained at a output pressure from the B-3 control valve 52 achieves to the 
predetermmed rate after elapsing the predetermined tune t^ ^ m pressure p M ^ {{ {s determined whether 
Accordmg to the start of the actual shift due to the dram of me timT t has elapsed me predetermined time t^. When the 
the B-2 pressure PB2, the turbine rotation speed NT as the 10 t has elapsed ^ predetermined time t^, at step S31^t, 
input rotation speed increases to the neutral rotation speed, fa application pressure PB3 reduces at the predetermined 
and the B-3 drum rotation speed NB3 reduces because of the ra te (P^-P^/W This process continues until the applica- 
reverse of the reaction force. UO n pressure PB3 reduces to lower than the stroke pressure 
When the predetermined time t^ has elapsed, the B-3 P52 at step S31-5. When the application pressure PB3 
pressure PB3 increases for an amount of the waiting pres- 15 reduces to lower than the stroke pressure P^, at step S31-6, 
sure value APB3, and the B-3 pressure PB3 is maintained at the application pressure PB3 is maintained at the stroke 
the value. In this state, the shift proceeds. Then, when the pressure P^. This state continues until the timer t has 
synchronization is determined, the B-3 pressure PB3 elapsed the predetermined time t^ (t^) at step S31-7. 
increases at a predetermined rate dPB3. At that time, the B-3 Then, me *™ startm S ***** 15 ended 
drum rotation speed reduces to zero and starts the reverse 20 R ^T g n p- 8 > after ^ se , rvo contro1 ' a f 
rotation immediately. However, the brake B-3 is not engaged J* the * rottle °P emn S ™Jf on 
immediately because the engagement force of the band is ?out, the turbine rotation speed NT and the ATF tempera- 
lacked due to the low hydraulic pressure setting of the T « m & ™ * * e P ressure 
« « 1 . . . ^ c ,1 . _i ■ t . ■ & j . yrr. value APB3 is read from the synchronizing pressure map for 
hydraulic : control Therefore the turbine rotabon speed NT ^ fi _ 3 ^ a( me ^ ^ m ** 10 show / the 

is raced for a certain amount comparing with the synchro- synchron £ ng pressure map for the B -3 pressure at the 5-2 

mzmg rotation of the second gear stage as shown with a shift In this map> me waiting pressure value APB3 is defined 

dotted line, after that, the turbine rotation speed NT reduces ^ me re i ation to the output rotation speed Nout and with 

gradually, then, achieves to the synchronizing rotation at the ^ throttle opemn g THR as the parameter, 

shift end. ^ M shown in jq G jq^ wnen me mr ottle opening THR 

The difference between the turbine rotation speed NT at reflecting the input torque increases, the waiting pressure 

the synchronizing rotation and the turbine rotation speed NT vame APB3 increases. In this map, the input torque is 

at starting to reduce is defined to be a maximum turbine presumed based on the throttle opening THR and the vehicle 

racing amount (ANTmax). In this term, the B-3 drum rotates speed, that is, the output rotation speed Nout, and the inertia 

with a certain speed in the self-energy direction, then, the 35 torque is presumed based on the output rotation speed Nout. 

B-3 drum rotation speed gradually reduces to zero, which Therefore, the map corresponds to the change of the input 

means the stopping state, at the shift end by the increase of torque and the inertia torque. It notes that it is better that the 

the engagement force of the band due to the sweep-up of the multiple maps corresponding to the ATF temperature Temp 

B-3 pressure PB3. At that time, the B-3 pressure PB3 are prepared and the multiple maps are set so that the waiting 

immediately increases to the line pressure to ensure the ^ pressure value APB3 increases when the ATF temperature 

maintenance of the engagement state, then, the shift is j emp reduces in case the ^-characteristic reduces when the 

ended. ATF temperature Temp reduces. Further, it is better that the 

FIG. 6 is a main flowchart of the hydraulic control process maps are set properly corresponding to the materials of the 

performed in the electronic control system 6 to perform the factional engagement element because the change of the 

aforementioned control at the 5-2 downshift. In this 45 ^-characteristics corresponding to the ATF temperature 

flowchart, the control is divided to a control at shift and a Temp are different depending upon the material, 

usual control by the determination of the 5-2 shift. At step Returning to FIG. 8, at step S34, the application pressure 

51, it is determined whether the 5-2 shift is determined. PB3 is set based on the waiting pressure value APB3 and the 
When the 5-2 shift is not determined, the usual control is stroke pressure P^ and outputted as the waiting pressure. At 
performed at step S4. When the 5-2 shift is determined, the 50 s t ep S35, the gear ratio G is calculated by dividing the 
subroutine for the B-2 control at shift is performed at step turbine rotation speed NT by the output rotation speed Nout. 

52, and the subroutine for the B-3 control at shift is At step S36, the second gear stage synchronization is 
performed at step S3. determined based on whether the calculated gear ratio G 

FIG. 7 shows details of the B-2 control at shift of the reduces to the gear ratio G2 of the second gear stage 

brake B-2 which is disengaged. At step S21, the throttle 55 (G^G2). When the synchronization is determined, at step 

opening THR, the output rotation speed Nout, the turbine S37, a timer J x is initialized and started. At step S38, the 

rotation speed NT and the ATF temperature Temp are engagement rate dPB is read from an engagement rate map 

detected by the outputs from the aforementioned sensors for the B-3 pressure at the 5-2 shift shown in FIG. 11, and 

respectively. At step 22, a timer T 2 that maintains the B-2 a synchronizing time guard timer T G£> is read from a map 

pressure PB2 for the predetermined time is initialized. At 60 shown in FIG. 12. 

step S23, the B-2 pressure PB2 is maintained. At step S24, FIG. 11 shows the engagement rate map for the B^3 
the elapse of the timer T 2 is waited (T 2 ^t, t: constant time). pressure at the 5-2 shift. According to this map, the engage- 
After elapsing the timer T^, at step S25, the B-2 pressure me nt rate dPB is made to be large when the throttle opening, 
PB2 reduces at the predetermined rate, then, the process is that is, the input torque is large so that the extension of the 
ended. 65 shift time is prevented, and the engagement rate dPB is made 
Regarding the brake B-3 which is engaged, the B-3 to be small when the throttle opening is low so that the shift 
control at shift shown in FIG. 8 is performed. In this control, shock is prevented. 
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FIG. 12 shows the map of the synchronizing time guard 
timer to prevent the baking of the fnctional element because 
of the long shift time. At step S39, the engagement rate thus 
obtained is added to the current application pressure PB3 
and the renewed application pressure PB3 is outputted. At 
step S40, the synchronization is determined (G<G2). When 
the synchronization is determined, at step S42, a B-3 pres- 
sure learning control is performed. In case the synchroni- 
zation is not determined until the timer T, has elapsed the 
guard timer T GD , after the determination of that the timer Tj 
has elapsed the guard timer T G£> at step S41, the B-3 
pressure learning control is performed at step S42. 

FIG. 13 shows the detail of the B-3 pressure learning 
control. At step S41-1, the turbine rotation maximum racing 
amount ANTmax, the output rotation speed Nout, the turbine 
rotation speed and the ATF temperature Temp are 
detected. The turbine rotation maximum racing amount 
ANTmax is the maximum value of the difference between 
the actual input rotation speed and the synchronizing input 
rotation speed, which is calculated based on the output 
rotation speed Nout and the gear ratio, at the low speed gear 
stage. At step S41-2, a correcting value AH is read with 
reference to a B-3 pressure correcting map shown in FIG. 
14. At step S41-3, the waiting pressure value APB3 is 
renewed by adding the correcting value AH and outputted. 
At step S41-4, the waiting pressure value APB3 of the 
detected condition in the B-3 pressure correcting map is 
renewed as shown with a dotted line in FIG. 10. 

FIG. 14 shows the B-3 pressure correcting map. In this 
map, a point crossing with a line of zero of the correcting 
value AH is the basis of the turbine rotation maximum racing 
amount ANTmax. When the racing amount is larger than the 
basis, the hydraulic pressure increases to prevent the exten- 
sion of the shift time. When the racing amount is smaller 
than the basis, the hydraulic pressure reduces to prevent the 
shift shock. In case the basis is set to be constant irrespective 
of the vehicle speed, that is, the output rotation speed Nout, 
the racing feel increases at the low vehicle speed because 
whole rotation change rate at the shift in the low vehicle 
speed is smaller than the rate in the high vehicle speed. 
Therefore, the basis is needed to set in order that the basis 
reduces when the vehicle speed reduces to prevent the large 
racing feel. Therefore, in this map, the correcting value AH 
increases when the vehicle speed reduces in the region larger 
than the basis. 

In the process performed by the electronic control system 
6, in the hydraulic circuit shown in FIG. 1, a solenoid 
pressure, which is modulated from a modulator pressure Pm 
at the linear solenoid valve 55, is applied to an end of a spool 
of a B-3 control valve 52. The B-3 control valve 52 
modulates the line pressure P x to the waiting pressure 
(PB3=»P 52 +APB3) with the balance between a return spring 
load against the force of the solenoid pressure and a feed- 
back pressure. Then, the application pressure PB3 main- 
tained at the constant waiting pressure is applied to the large 
diameter bore S L of the hydraulic servo 4. The large diam- 
eter piston 44 is slid and the rod 42 is pushed by the 
application of the constant waiting pressure. Then, the rod 
42 pushes the bracket 34 at the end. At that time, the band 
32 supported by the anchor pin 35 at the end is engaged with 
the drum 31. However, in a state before the synchronization 
of the second gear stage in which the reaction force operated 
to the drum 31 in the engagement state operates in the 
de-energizing direction, the rotation speed reduces but the 
drum 31 continues to rotate because the engagement force of 
the band 32 is lacked. After that, the rotation speed of the 
drum 31 reduced to zero when the synchronizing point of the 
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second gear stage is achieved. However, at that time, the 
engagement force of the band 32 is lacked because the 
application pressure is the waiting pressure PB3=Ps2+APB3. 
Therefore, the drum 31 rotates in the reverse direction. After 

5 that, the application pressure PB3 is increased at the prede- 
termined rate dPB3 by the electronic control system 6. 
Therefore, the application pressure PB3 increases to a 
hydraulic pressure with which the rotation in the self- 
energizing direction is stopped. As a result, the rotation of 

10 the drum 31 is stopped from rotating. 

In this embodiment, when the sun gear s3 is engaged to 
establish the second gear stage, the hydraulic pressure, 
which is needed to stop the rotation of the sun gear s3 
rotating in the de-energizing direction, is higher than the 

15 hydraulic pressure in case of the self-energizing direction. 
The self-energizing direction is set to be the same with the 
direction in which the drum 31 rotates by the reaction force 
to the sun gear s3 occurred at establishing the low speed gear 
stage. The hydraulic pressure, with which only the rotation 

20 in the self-energizing direction is stopped, is applied from 
the synchronization of the fifth speed gear stage. Therefore, 
the rotational direction of the drum 31, which is in the 
de-energizing direction at establishing the high speed gear 
stage, changes to the self-energizing direction at establishing 

25 the low speed gear stage, then, the second gear stage is 
established by engaging the sun gear s3 which is engaged by 
the band brake B-3 with the self-energizing operation. In 
case that the hydraulic pressure, with which the drum 31 is 
stopped immediately at the synchronizing point, is applied, 

30 the shift shock increases because of the stop of the rotation 
of the sun gear s3 at the synchronizing point. Therefore, in 
this embodiment, the reverse rotation of the sun gear s3 is 
stopped gradually after the reverse rotation occurs which 
occurs after the synchronizing point. 

35 FIG. 15 and FIG. 16 show a control flowchart of the 
second embodiment of the invention. This embodiment is 
different from the first embodiment such that a feedback 
control is performed at the latter of the sweep-up of the B-3 
pressure. Therefore, the features in common with the first 

40 embodiment are not described and the same step numbers 
are used. Only the different control features will be 
described. In this feedback control, after determining the 
synchronization at step S36 shown in FIG. 15, without 
initializing and starting the timer T ± , the engagement gra- 

45 dient pressure dPB3 is read from the map at step S38A, and 
the sweep-up of the B-3 pressure is performed at the rate of 
the engagement gradient pressure dPB3 at step S39. Then, at 
step S43, the turbine rotation maximum racing amount 
ANTmax is detected. 

As shown in FIG. 16, at step S44, a timer T is initialized 
and started. At step S45, a synchronizing time T FB is read 
from a map for a synchronizing time at the shift end. 
FIG. 17 shows the map for the synchronizing time at the 

55 shift end. As shown in FIG. 17, the shift time increases when 
the turbine rotation maximum racing amount ANTmax 
increases in order to prevent the shift shock by a steep 
rotation change. A rate of the turbine rotation maximum 
racing amount ANTmax to the whole rotation change 

50 amount in the shift in low vehicle speed is higher than the 
case of high vehicle speed. Therefore, the shift time is 
lengthened when the output rotation speed reduces in order 
to prevent the steep rotation change to the whole rotation in 
the shift. 

65 Returning to FIG. 16, at step S46, a target rotation change 
AFB is set. The target rotation change AFB is calculated by 
dividing the turbine rotation maximum racing amount 
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ANTmax with the synchronizing time T FB . Al slep S47, the rotation at the low speed gear stage, a constant 

feedback control for the B-3 pressure PB3 is performed so pressure maintaining device which maintains the 

that the actual rotation change achieves to the target rotation hydraulic pressure applied to the hydraulic servo of 

change AFB. Step 40 is same step as the first embodiment. the band orake w^ 0 a waiting pressure, which is 

At step S48, it is determined whether the timer T has elapsed 5 lower by * predetermined amount than a pressure 

the synchronizing time T^. Step 42 is same step as the first stopping the rotation of the rotational element in the 

embodiment. direction of the self-energizing operation and with 

, _ . . which the input rotation is raced by a basic racing 

FIG. 18 shows a time chart after determining the syn- amount after a synchronizing point, until the syn- 
chronization of the second embodiment. When the turbine chronization is determined by the synchronization 
rotation maximum racing amount ANTmax is detected, the 10 determining device, and a pressure increasing device 
feedback control starts. Therefore, the B-3 pressure PB3 is which increases the hydraulic pressure applied to the 
controlled based on the feedback value. hydraulic servo from the waiting pressure in order to 

The control of the second embodiment is complicated in stop the rotational element from rotating after deter- 

comparison with the control of the first embodiment. mining the synchronization. 

However, the steep rotation change to the whole rotation 15 2. The control system for an automatic transmission 

change in the shift is prevented, then, the shift shock is more according to claim 1, wherein the pressure increasing device 

certainly prevented by setting the gradient to reduce when increases the hydraulic pressure with a predetermined rate, 

the output rotation speed reduces corresponding to that a rate which increases when a throttle opening of an engine 

of the turbine rotation maximum racing amount ANTmax to mc f^ determmmg the synchronization, 

the whole rotation change amount in the shift in the low 20 3 - ]}* ™« oX automallc Emission 

vehicle speed which is higher than the case of the high accordin g £ 1 ; wherein mc Pressure increasing device 

vehicle need increases the hydraulic pressure al a predetermined rate, and 

We „ * . , . controls the hydraulic pressure in order that the input 

The invention should not be limited to the foregoing rotation d cfa ^ a rate which (educes when 

embodiments but can be modified ,n various manners based ^ ^ d of tfae automatic tnosais ^ m 

on its gist, and these modifications should not be excluded reduces 

fiomi the scope of the invention. 4 The system for an automatic transmission 

What is claimed is: . . t t according to claim 1, wherein the control unit stores a 

1. Acontrol system for an automatic transmission that has meditated waiting pressurc value for the basic racing 

a higfi speed gear stage, a low speed gear stage, and an input ^ amoimt tQ occur> ^ a maximum racing am0 unt 

rotation, comprising: detecting device that detects a maximum racing amount of 

a frictional engagement element engageable to establish me input rotation speed based on the input rotation speed of 

the high speed gear stage; me au tomatic transmission, and further includes a learning 

a rotational element that can be stopped from rotating device which renews the stored waiting pressure value in 

with a brake to establish the low speed gear stage, a 35 order to achieve the basic racing amount by comparing the 

rotational direction of the rotational element when the basic racing amount with the maximum racing amount after 

high speed gear stage has been established being oppo- the end of the downshift. 

site to a direction of torque to the rotational element 5. The control system for an automatic transmission 

created when the rotational element is stopped from according to claim 4, wherein the pressure increasing device 

rotating to establish the low speed gear stage; and 40 increases the hydraulic pressure with a predetermined rate, 

a control unit that controls hydraulic pressures applied to which increases when the throttle opening of the engine 

the frictional engagement element and the brake, increases, after determining the synchronization, 

wherein: 6. The control system for an automatic transmission 

the brake is formed of a band brake which has a according to claim 4, wherein the pressure increasing device 

difference of engagement force between a self- 45 increases the hydraulic pressure at a predetermined rate and 

energizing operation and a de-energizing operation, control the hydraulic pressure in order that the input rotation 

and includes a hydraulic servo; speed changes at a target rate which reduces when the output 

the band brake is set so that a direction of the self- rotation speed of the automatic transmission reduces, 

energizing operation is the same as the direction of 7. The control system for an automatic transmission 

the torque to the rotational element created when the 50 according to claim 4, wherein multiple waiting pressure 

rotational element is stopped from rotating to estab- values are stored in the control unit, and correspond to a 

lish the low speed gear stage, and in order to provide throttle opening of an engine and an output rotation speed as 

a region in which a hydraulic pressure, which is parameters, and the waiting pressure value is selected cor- 

needed to engage the rotational element when the responding to the throttle opening and the output rotation 

low speed gear stage is established, is lower than a 55 speed at a shift start. 

hydraulic pressure, which is needed to engage the 8. The control system for an automatic transmission 

rotational clement when the rotational element is according to claim 7, wherein the pressure increasing device 

stopped from rotating in the direction of the increases the hydraulic pressure with a predetermined rate, 

de-energizing operation, the region being an opera- which increases when the throttle opening of the engine 

tional range such that the band brake is set so as to 60 increases, after determining the synchronization, 

include the operational range; and 9. The control system for an automatic transmission 

the control unit includes a disengaging device which according to claim 7, wherein the pressure increasing device 

disengages the frictional engagement element at a increases the hydraulic pressure at a predetermined rate, and 

downshift from the high speed gear stage to the low controls the hydraulic pressure in order that the input 

speed gear stage, a synchronization determining 65 rotation speed changes at a target rate which reduces when 

device which determines that the input rotation of the the output rotation speed of the automatic transmission 

automatic transmission is synchronized with the reduces. 
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10. The control system for an automatic transmission 
according to claim 1, wherein multiple waiting pressure 
values arc stored in the control unit, and correspond to a 
throttle opening of an engine and an output rotation speed as 
parameters, and the waiting pressure value is selected cor- 
responding to the throttle opening and the output rotation 
speed at a shift start. 

11. The control system for an automatic transmission 
according to claim 10, wherein the pressure increasing 
device increases the hydraulic pressure with a predetermined 
rate, which increases when the throttle opening of the engine 
increases, after determining the synchronization. 

12. The control system for an automatic transmission 
according to claim 10, wherein the pressure increasing 
device increases the hydraulic pressure at a predetermined 
rate, and controls the hydraulic pressure in order that the 
input rotation speed changes at a target rate which reduces 
when the output rotation speed of the automatic transmission 
reduces. 

13. A method of controlling an automatic transmission 
that includes: 

a factional engagement element engageable to establish a 

high speed gear stage; and 
a rotational element that can be stopped from rotating 
with a brake to establish a low speed gear stage, a 
rotational direction of the rotational element when the 
high speed gear stage has been established being oppo- 
site to a direction of torque to the rotational element 
created when the rotational element is stopped from 
rotating to establish the low speed gear stage; 
wherein the brake is formed of a band brake which has a 
difference of engagement force between a self- 
energizing operation and a de-energizing operation, 
and includes a hydraulic servo; 
the band brake is set so that a direction of the self- 
energizing operation is the same as the direction of the 
torque to the rotational element created when the 
rotational element is stopped from rotating to establish 
the low speed gear stage, and in order to provide a 
region in which a hydraulic pressure, which is needed 40 
to engage the rotational element when the low speed 
gear stage is established, is lower than a hydraulic 
pressure, which is needed to engage the rotational 
element when the rotational element is stopped from 
rotating in the direction of the de-energizing operation, 
the region being an operational range such that the band 
brake is set so as to include the operational range; the 
method comprising the steps of: 
controlling hydraulic pressures applied to the frictional 

engagement element and the brake; 
disengaging the frictional engagement element at a 
downshift from the high speed gear stage to the low 
speed gear stage with a disengaging device; 
determining that the input rotation of the automatic 
transmission is synchronized with the rotation at the 
low speed gear stage with a synchronization deter- 
mining device; 
maintaining with a constant pressure maintaining 
device the hydraulic pressure applied to the hydrau- 
bc servo of the band brake with a waiting pressure, 
which is lower by a predetermined amount than a 
pressure stopping the rotation of the rotational ele- 
ment in the direction of the self -energizing operation 
and with which the input rotation is raced by a basic 
racing amount after a synchronizing point, until the 
synchronization is determined by the synchroniza- 
tion determining device; and 
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increasing with a pressure increasing device the 
hydraulic pressure applied to the hydraulic servo 
from the waiting pressure in order to stop the rota- 
tional element from rotating after determining the 
synchronization. 

14. The method according to claim 13, further including 
the steps of: 

controlling a premeditated waiting pressure value for the 
basic racing amount to occur; 

detecting with a maximum racing amount detecting 
device a maximum racing amount of the input rotation 
speed based on the input rotation speed of the auto- 
matic transmission; and 

renewing with a learning device the stored waiting pres- 
sure value in order to achieve the basic racing amount 
by comparing the basic racing amount with the maxi- 
mum racing amount after the end of the downshift 

15. A control system for an automatic transmission that 
has a high speed gear stage, a low speed gear stage, and an 
input rotation, comprising: 

a frictional engagement element engageable to establish 
the high speed gear stage; 

a rotational element that is stopped from rotating with a 
brake to establish the low speed gear stage, a rotational 
direction of the rotational element when the high speed 
gear stage has been established being opposite to a 
direction of torque to the rotational element created 
when the rotational element is stopped from rotating to 
establish the low speed gear stage; and 

a control unit that controls hydraulic pressures applied to 
the frictional engagement element and the brake, 
wherein: 

the brake is formed of a band brake which has a 
difference of engagement force between a self- 
energizing operation and a de-energizing operation, 
and includes a hydraulic servo; 

the band brake is set so that a direction of the self- 
energizing operation is the same as the direction of 
the torque to the rotational element created when the 
rotational element is stopped from rotating to estab- 
lish the low speed gear stage, and in order to provide 
a region in which a hydraulic pressure, which is 
needed to engage the rotational element when the 
low speed gear stage is established, is lower than a 
hydraulic pressure, which is needed to engage the 
rotational element when the rotational element is 
stopped from rotating in the direction of the 
dc-energizing operation, the region being an opera- 
tional range such that the band brake is set so as to 
include the operational range; and 

the control unit includes disengaging means for disen- 
gaging the frictional engagement element at a down- 
shift from the high speed gear stage to the low speed 
gear stage, synchronization determining means for 
determining that the input rotation of the automatic 
transmission is synchronized with the rotation at the 
low speed gear stage, constant pressure maintaining 
means for maintaining the hydraulic pressure applied 
to the hydraulic servo of the band brake with a 
waiting pressure, which is lower by a predetermined 
amount than a pressure stopping the rotation of the 
rotational element in the direction of the self- 
energizing operation and with which the input rota- 
tion is raced by a basic racing amount after a 
synchronizing point, until the synchronization is 
determined by the synchronization determining 
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means, and pressure increasing means for increasing 
the hydraulic pressure applied to the hydraulic servo 
from the waiting pressure in order to stop the rota- 
tional element from rotating after determining the 
synchronization. 
16. The control system for an automatic transmission 
according to claim 15, wherein the control unit stores a 
premeditated waiting pressure value for the basic racing 
amount to occur, and includes maximum racing amount 
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detecting means for detecting a maximum racing amount of 
the input rotation speed based on the input rotation speed of 
the automatic transmission, and further includes learning 
means for renewing the stored waiting pressure value in 
order to achieve the basic racing amount by comparing the 
basic racing amount with the maximum racing amount after 
the end of the downshift. 
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[57] ABSTRACT 
In an automatic transmission gear system which selec- 
tively actuates a plurality of frictional elements by oil 
pressure such as clutches and brakes that are provided 
in the transmission gear system in order to obtain differ- 
ent gear ratios, one frictional element is disengaged 
concurrently with engaging of another frictional ele- 
ment for switching the gear ratio (speed change). At 
that time, it is important to adjust the timing for actuat- 
ing the frictional elements depending on the conditions 
of the engine and the vehicle itself. The present inven- 
tion relates to a control device for an automatic trans- 
mission gear system which assures smooth gear shifting 
at all times by adequately controlling the overlap of the 
torque capacities of the frictional elements. 

5 Claims, 4 Drawing Sheets 
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overlap. Especially at a low speed, it is desirable that 
CONTROL DEVICE FOR AUTOMATIC the interval fa reduced to almost zero, and the verlap 

TRANSMISSION GEAR SYSTEM increased. . 

Thus, it is necessary to provide the overlap at lower 

This application is a continuation f application Ser. $ SDe eds and reducing it gradually as the vehicle gathers 

No. 4<3.935, Median. 8J 1990 ; which fa a ' continuatitm However, if the overlap of the engagement fa 

of application Ser. N . 07/267,667 filed Nov. 4, 1988; ^ when ^ eng^,. isina driven state, an interval 

which fa a continuation of application Ser. No. cmtin* ^ engine braking effect of the 

07/08 W86 filed Aug. 3 1987; which fa .co^«a^ S^be c3ed for awhile, and thereafter the 

of application Ser. No. 06/912,686 filed Sept 26, 1986; frictionaI dement for lower speed driving fa engaged 

^niLffl^rHtt? 3PP " causing the vehicle to come under forcible engine brak- 

rueo aepi, v, mg effect resulting in impaired comfort of driving. 

BACKGROUND OF THE INVENTION a one-directional brake instead of ordinary brakes 

- . . - w _ n f can be used to automatically change such gear ratios, 
.J** ™ Va E ^^Tt^^^ " but this cannot be adapted to all of the frictionaI ele- 

the control device for an auto^^ton^ion gear Emission. Also, a control device acti- 

S J^T vated by oil pressure can be used which detects the 

sh ~^ . . . change in the rotational speed of axis of the transmission 

Autoinatictrn™ gear system so that the^fl pressure can be supplied 

biles are generally capable of selectively actuating a ^ to ^ Actional elements for coupling 
reality of fhcuonal elemente such as clutches and 20 ^"^ntotkai is attained (Jap. Pat. Pub Sho 
brakes that are provided in the transmission gear system 

by oil pressure in order to obtain different gear ratios, w " wwl '" 

and for effecting the gear shift, one of die frictionaI SUMMARY OF THE INVENTION 
elements is disengaged while another one is engaged. 

In an automatic transmission gear system of the above The present invention aims to provide a control de- 
construction, adequate control of timing for disengag- vice for an automatic transmission gear system which is 
ing one of the frictionaI elements and engaging another capable of alleviating the shock at the time of shifting 
element is of great importance in alleviating shock due from one gear ratio to another by providing a suitable 
to speed changes and in assuring comfortable driving as overlap of the frictionaI elements dependent on the 
well as preventing any damage to the transmission gear 30 driving condition of a vehicle when such elements are 
system, activated to change the gear ratio. 

For example, if the disengagement occurs too early Another object of the present invention is to provide 

and the engagement too late, damage occurs during the a control device for an automatic transmission gear 


time between the disengagement and the engagement. system which can reduce the time needed for gear shift- 
On the other hand, if the disengagement occurs too late 35 m g without causing shock. 

and the engagement too early, a state of both frictionaI Still another object of the present invention is to 

elements being engaged occurs. This leads to contradic- provide a control device for an automatic transmission 

tions in a speed change gear assembly and causes dam- gear system which can be adapted to a wider range of 

age to the vehicle as a whole as well as putting an exces- speeds. 

sive load on the frictionaI elements and the gear sys- 40 j n m automatic transmission gear system which is 

terns, thus inducing damage thereto. provided with a speed change gear assembly having 

Therefore, when the gear ratio of the transmission is plural gear ratios between input and output shafts, a 

changed from lower to higher speed with the engine in control device according to the present invention to 

a driving state, an overlap of torque capacities of the achieve the above objects comprises: a frictionaI ele- 

frictkmal elements proportional to the output torque of 45 ment actuated by oil pressure to obtain a gear ratio for. 

the engine is desirably provided between the disengage- lower speed driving; a frictionaI element actuated by oil 

ment and engagement to prevent the engine from rac- pressure to obtain a gear ratio for higher speed driving; 

ing; while on the other hand, when the engine is in the a synchronization detecting means to detect whether 

driven state, it is preferable to provide a suitable time said gear ratios have been obtained or not; a switching 

interval after the frictionaI element for lower speed 50 valve for switching oil passages leading to the frictionaI 

driving is released until the rotational speed of the en- elements at a time of shifting between the lower and the 

gine decreases enough to accommodate the driving higher speed driving; an overlap regulating means to 

condition at a higher speed. In this way, the frictionaI provide an overlap of torque capacities of the frictionaI 

elements for higher speed driving can be engaged (the elements when gear shifting between the higher and the 

interval is denned as a zero overlap or an overlap of 33 lower speed; and an electronic control device which . 

negligible amount). controls the oil pressure to be supplied to said overlap 

On the contrary, when the gear ratio of the transmit regulating means to control the amount of overlap in 
sion is changed from higher to lower speed with the such a way that, during gear shifting from the higher to 
engine in a driving state, it is desirable that the timing the lower speed driving, said amount of overlap is con* 
for disengaging and engaging the frictionaI elements be 60 trolled to decrease when engagement of the higher- 
controlled corresponding to the driving speed of the speed gear ratio is released and that amount of overlap 
vehicle. When the vehicle is running at a higher speed, \& controlled to increase when engagement of the lower- 
it is preferabl that, after disengaging the frictionaI speed gear ratio is obtained 
element for higher speed driving, a small amount of said 

overlap be provided to let the rotational speed of the 65 BRIEF DESCRIPTION OF THE DRAWINGS 
engine increase enough to accommodate the driving 

condition at a lower speed, before the frictionaI element FIGS. 1 and 2 show an automatic transmission gear 

for lower speed driving is engaged As the vehicle system to which the device according to the present 

slows down, it is necessary to increase the amount of the invention can be adapted. FIG. : 1 shows the construe- 
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tion of the power transmission means in schematic view. clutches and brakes in operation will achieve 4 forward 
FIG. 2 shows the construction of the oil pressure con- speeds and 1 reverse speed as sh wn m Table 1 . Inj this 
trol means. FIGS. 3(a) and 3(b) are graphs explaining Table, the symbol O denotes that the dutches or brakes 
the amount f overlap respectively. FIGS. 4 and 7 are are engaged, and the symbol # denotes that the rota- 
graphs explaining oil pressure control at the time of 5 tion of the carrier is locked by the function f the one- 
speed changes. FIGS. 5, 6(a) and 6(b) show the stroke way clutch 34 immediately bef re the low reverse brake 
detection means, with FIG. 5 showing the same in cross 34 is engaged for shifting operati n. 
section and FIGS. 6(a) and 6(b) showing the essential TABLE 1 
parts in enlarged sectional views respectively. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

The embodiments of the present invention will now 
be described in detail with reference to the accompany- 
ing drawings. 15 

Referring first to FIG. 1 which shows the construc- 
tion of an automatic transmission gear system to which 

the control device according to the present invention is electronic oil pressure control device which is 

to be adapted, an engine 2 which constitutes the power responsible for achieving the gear shiftings shown in 

source for driving the vehicle is provided with a crank 20 TaWe j m ^ transmission gear system shown in FIG. 

shaft 4 which is directly connected to a pump 8 of a j ^ now ^ described. 

torque converter 6. The torque converter 6 comprises ^ Qfl pressurc control device shown in FIG. 2 

the pump 8, a turbine 10, a starter 12, and a one-way controls the oil pressure according to the driving condi- 

clutch 14, and the starter 12 is connected to a case 16 via tionofthe vehicle. The oil pressure is supplied by an oil 

the one-way clutch 14. The stater 12 is so constructed 25 pump 74 from an oil sump 76 via an oil filter 78 and an 

that it can be rotated in the same direction as the crank ^ M m order to ^ piston or servo 

shaft 4 but is not permitted to rotate in the reverse drreo mec hanism of the clutches 24, 26 28 and the brakes 30, 

tion by means of said one-way clutch 14. 32 respectively, and to the torque converter 6. The 

TTie torque toaiismitted I to > the turbme 10 is then trans- C o n txoldevice comprises as the principal components a 

mined viaan mput shaft 3D to £ ^Jia^g ^ar 30 ^ re ^ atin valve 82, torque converter control 

assembly 22 which is provided behind said turbme 10 ^ * > Te reducing valve 86, a manual valve 

and which has four forward speeds and one reverse w a ^ £ ntIol valve 90, a rear clutch control valve 

s P ce< ?' ^ _ « * . x 92, an N-R control valve 94, an oil pressure control 

Said speed change 8?^ assembly 22 comprises 3 valve 96 for gear shifting, an N-D control valve 98, a 

clutches 24, 26 and 28; 2 brakes 30 and 32; one one-way 35 sp^SVa^lOO, a 2nd-3rd speed and 4th- 

clutch 34, and one ravigneraux type planetary gear set speedsWft valve 102, a 4th speed clutch control 

36. Said phmetary gear set 36 comprises a nngge^ 38, talve^and three dectmrnagneti^ves 106, 108 and 

a long pmion gear 40, a short pinion gear 42, a <ront sun These components are connected by means of the 

gef 44, a re^ sun gear 46 and j**" S piSjes. TrTshift control valve 90, the lst-2nd 

ably supports said pinion ^ars 40 and 42 and ato rob* 40 ^ 10 a ^ 2nd-3rd and 4th-3rd speed 

£ ,C ^I^ ffvSve 102 a^id *e 4th speed clutch control vdve 

» and the front sun gear 44 » celled to fe-P*** ^ function to switch the ofl^ssages leading to re- 

20 bv means of a kickdown drum 52 and a front clutch * OT . v. . . . So m T *i 

% t£w sun gear 46 is coupled to the mput shaft 20 ^™J%^?*Z »' * * 30 "* 32 ** 
via a rear clutch 26. The carrier 48 is fixedly coupled to 45 changing the gear ratios. 

to cas7l6 via the low reverse brake 32 and the one- . Saul dec^gnetic valves 106^(» and UOare 

way dutch 34 that are arranged so that they are fane- """Tar m structure i andare ^^SSXfSSA 

tionally parallel. The carrier 48 is also coupled to the the opening and the closing ofonfices 114,116 and 1 118 

tapTshSvia the 4th speed clutch provided behind by means ofdectnc fa. *£ 
the speed change gear assembly 22. Said kickdown 50 tronic control device 112 and is cteed when the dec- 

drumMcan be tLdtycoupled to the case 16 by means trie signals are cut off. Each dectromagneuc valve 

of the kickdown brake 30. The torque transmitted to the comprises coils 120 122, 124 and valves 126, W and 

olanetarv gear set 36 is farther transmitted from an 130 respectivdy, which are provided inside said coils to 

output gear 60 fixed to the output shaft 50 to a driven switch ON/OFF orifices 114, 116 and 118, and springs 
K ear 64 via an idle gear 62, and to a differential gear 55 132, 134 and 136 which energize said valves, 

mecnanism 72 viaatrar^er shaft 66 fixed tosaid driven The electronic control d^ll2contains a means 

K ear 64 and a helical gear 68, the said differential gear which detects driving state and accordingly d^ides 

mechanism 72 bring coupled to a driving shaft 70. which one of the electromagnetic valves 108 or 110 is to 

Clutches and brakes mentioned above each comprise be dosed and opened, and a means to detect the start of 
a frictional coupling means provided with a piston or 60 gear shifting. The said device 112 controls the ONA 

servo means for engagement, and are actuated by ofl OFF of duty control for the electromagnetic valve 106 

pressure generated at an oil pump 74 which is shown in and also the oil pressure by controlling the valve open- 

FIG. 2 and is driven by the engine 2 via the pump 8 of mg period within one cycle by varying the pulse-width 

the torque converter 6 Said oil pressure is selectively of pulsating electric signal of SO Hz supplied to the 
distributed by means of an oil pressure control device to 65 valve 106. The control device 112 farther controls the 

the dutches and the brakes according to the driving opening/closing of the electromagnetic vdves 108 and 

condition of the vehicle which is detected by various 110. The input dements of the said device 112 include a 

o>trrti"e means. Appropriate combinations of different detecting means 138 which detects the opening degree 
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of a throttle valve (not shown) of the engine 2 or the pressure caused by the ^ °™<^* 
negative pressure of the intake manifold, a detection pressure receiving surfaces 208 and 210 that are f rrned 
nSl40 which detects the rotational speed of the in the spool 204, and then««pphes fe*F"»»J* 
enrine. a detecting means 142 which detects the rota- oil passage 212. Pressurized oil thus regulated (reduced) 
tional speed of kickdown drum 52 shown in FIG. 1, a 5 and supplied to the N-R control valve H the oil pre*- 
detecting means 144 which detects th rotational speed sure control valve 96 and the orifice 114 of the electro- 
of the driven gear 64 to thereby detect the rotational magnetic valve 106 via the oil passage 212 and an orifice 
speed of the output shaft 5fc a temperature detection 214. 

means 146 for detecting the temperature of the lubricant The N-R control valve 94, which comprises a spool 
oil, a position detecting means 148 which detects the io 222 having pressure receiving surfaces 216* 218 and 220 
position of the selector lever and a position detecting m6 a spring 224, regulates the oil pressure of the oQ 
means 150 which detects the position of an auxiliary passage 226 to a desired value by balancing the oil pres- 
switch. sure acting on the surface 216 with the combined force 

Pressurized oil discharge from said oil pump 74 is of ^ ^ pressure caused by the area difference of the 
supplied to the oil pressure regulating valve 82, the 15 sur faces 218 and 220 and the urging force of the spring 
manual valve 88 and the pressure reducing valve 84 via 224. 

an oil passage 160. The ofl pressure control valve 96, which comprises a 

The manual valve 88 is provided with 4 positions, lc. spool 234 having pressure receiving surfaces 228, 230 
D, N, R and P. When the D position is selected, the oil ^ m aad a ^ring 236, regulates the oil pressure of 
passage 160 connects with oil passages 172 and 174, 20 the oil passage 238 to a desired value by balancing the 
whereby said speed change gear assembly 22 achieves oil pressure acting on the surface 228 with the combined 
gear shifungs of 4 forward speeds from the first to the f ^ ofl pressare by the area difference of 

fourth by the ON/OFF combinations of ^ electro- 230 and 232 and the urging force of the 

magnetic valves 108 and 110 as shown m Table 2. At the 23kS 

N position, the oil passage 160 connects only with the „ ^ oi) pressure ^ regulated and supplied to the ofl 
oil passage 174 wh*e theoil passage 226 controls the low reverse brake 32 at the 

an ofl outlet port 176, wlu^y the ^Sf^SJS. R Sting the gear to the reverse position. Oil 
assembly 22 comes to a neutral state. At the R position, U1 ^ B T* ^ , ; . t _ tK . 238 

thTofl I issage 160 connects with ofl passages 178 and Pressure regukted ^^PP^^^ jgw ™ 

^^^e^Zsun^on gear 22 to practically a controlled by the dectroruc control device 112 by 
neu^ state. „ means of pulsating electric signal of 50 Hz whose pulse 

width is variable depending on the driving condition of 

TABLE 2 ___ vehicle. By the change of the pulse width, the ONA 

°-' — lA V ~ K - OFF time of the orifice 114 is controlled so that the oil 

pressure in the oil passage 212 which is at the down- 
4Q stream of the orifice 214, or in other words the oil pres- 
sure Pi which acts on the pressure receiving surface 228 
of the oil pressure control valve 96 and the surface 216 
of the N-R control valve 94 can be controlled. By con- 

, M , trolling said oil pressure Pi, oil pressure supplied to 

The pressure regulating valve 82 comp^ a spool J^^^^ 4^ are controlled and con- 

m ^IJr^^^^^^2L^ rXthe engaging action of the respective frictkmal 
a spring 150. As the ofl pressure from « e ™ ™ dements. Also* the oil pressure Pi controls ofl pressure 

acts on the pressure receiving surface 184 via theod > regulating means which controls 

pas^ge m_ofl pressure m the ^P^J^nX ofovS FoSfple. suppose the diame- 

to ^?^^^n™^ ^™ thToT^ 50 ter of orifice 214 is 0 8 mm and that of orifice 114 is 1.4 
refcr ^ to ,f 0 ^?rX££ onSL nr^snrTrt mm said ofl pressure P, is regulated within the range of 
^Z^^ILT^lli^T^ appro^^aato^lkg/crn^Accordm^e 
r^re^tol4.6 kg /cmT g ^^^^X^^S^ 
^S^S 55 S^l^^SS^ range of approximately 
^^T^^TST^xt from 0 kg Jcm^^e supplied oil pressure (oil pressure 

oil oassaee 196 to be 2.5 kg/cm* by balancing the oil m oil passage 180 or 172). 

nrUsunSg on the "ghfend surface (as viewed in The timing to start operating the dectromagneUc 
^wm^o^e^oim with the urging force of valve 106 and the f "°^ de ™^ * £ 
the spring 194, and supplies the thus regulated oil pres- 60 ag^lra-ttedtated^^^J" 
sure to the torque converter 6 via the oil passage 200. engine load, sensors 140, 144wmch de^t the 

The ofl discharged from the torque converter 6 is sup- rotational speed as well as signals from the gear shift 
P^dto SSve lubricatmgpartTof the speed change detecting means which detects the of g^^uftmg, 
^assemblv via an ofl cooler 202. and the detecting means comprising two sensors 142 

8 ^e^^e^cnig^ve ^comprising a spool 65 and 144 that are contained in the electronic control 
204 and a spring 206, reduces and regulates the ofl pres- device 112 to detect the engagement toning, 
sure from die oil passage 160 to be at 2.4 kg/cm* by The shift control valve 90 is controlled by various 
Wanting the urging force of the spring 206 with the oil ON/OFF combmati ns of the electromagnetic valves 
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108 and 110 and comprises three spools 240. 242 and The 2nd-3rd and 4th-3rd speed [shift valve 102 andthe 

244 and Ho 2v£^2A6 and 248, Wherein said spool 4th speed clutch control valve 104 also compose pool 

240 feDrSded wfth lands 250 and 252, an annular 336 and 338 and springs 340 and 342 respectively. At 

^ove^and Ae oifpaLge 258 which communi- the left of the respective spools 336 and 338 are the ofl 

ca^wiftan ofl chambeT2* located at the left of the 5 pressure chambers 344 and 346 to which the toe pics- 

^2M and fte annular groov 254 as viewed in the sure is introduced and at the ngh tare thed chambers 

drawing; said spool 242 is provided with lands 260 and 348 and 350 respectively - Jh^the n^ve spools 

262, each tavmgdKTerent diameters, an annular groove will be selectively switched between the left end as 

264 and pressing members 266 and 268 which are abut indicated in FIG. 2 and the right end not ™teated. 

against me spools 240 and 244 respectively; and the 10 Now the functions of the oil pressure control device 

spool244 is provided with lands 270 and 272, an annular will be described in conjunction with the gear shift 

eroove 274 and an oil passage 278 which communicates control. As for the conventional gear shift control, 

with an oil chamber 276tocated at the right of the land details thereof will be omitted asrt » wdl known m the 

272 and the annular groove 274. The stopper 246 is art (Jap. Pat Appln. No. Sho 56-144237). 

interposed between the spools 240 and 242 and fixed to 15 First, the concept of overlap which » of critical sig- 

the casinc the stopper 248 is interposed between the nificance in the present invenuon will be explained, 

spools 242 and 244 and fixed to the casing. The ofl Suppose that the torque capacity of the factional 

passage 172 connected with an oil passage 280 at all element which determines the lower-speed gear ratio b 

S via the annular groove 264, and said oil passage expressed as T,, that of the factional dement which 

280 communicates with the orifice 116, the oil chamber 20 determines the higher-speed gear ratio as T* with con- 

256 located at the left and the oil chamber 276 at the slants ai, a 2 such as the piston area of each factional 

rieht via an orifice 282 and also with the orifice 118 and element, the number of clutch plates, radius of clutches 

an ofl chamber 286 located in between the spools 240 and coefficient of friction, then the amount of overlap C 

and 242 via an orifice 284. can be expressed by the following equation: 

The rear clutch control valve 92 comprises a spool 25 

294 provided with a land 288 and a land 290 which is c=a,n+<nTi 

smaller in diameter than the land 288 and also an annu- ^ . cl , . fo the 

force .oiwo. II* pr«»™i~«rii« I» W ^ »<»<*««■}•**<*» J*" ™* 

a^ritoat^l aVthe right end, the oU pressure acts in dement for determnung the ^^J^™^™ 
£Lecn the lands MO and 296, so that the spool 294 an oil passage 376 thus coiistitu tes over^reguto- 
aTne^ov« towarathe left end as the ofl pressure in ing means. In order to disengage the 3rd speed, there- 
in chamh^^ When the oil pressure fix* * ^y^Z^Z^TT^rT^ 
acting on the left end of the pressure receiving surface 45 phed to the front clutch. For this, it ts necessary to 
Incomes less than the combined force of the oil lower toe pressure* ofl to be ^PP U f J? J*^' 
preSto said ofl chamber 312 and the urging force of ber 366 of the kickdown brake 30 and reduce ^ the ofl to 
the^SSE ft then causes the spool 306to move be pumped out from an ofl chamber 382 of said brake 
^fJETr^, 1!^ 30, and at the same time the 2nd-3rd speed and 4th-3rd 

Telecontrol valve 98 which comprise, a spool 50 speed shift valve 102 must be moved towardthe 2nd 

320 pTo^«fwith lands 314, 316 and an annular groove speed position (at the left end as shown m FIG. 2). 

*M *ada smiM322. selectively switches the position When, however, the oil supplied to the chamber 366 of 

oX^oS 1«weeuSSe^a7s^ mHO. the kickdown brake 30 is maintained at a lower prea- 

fan^me^gh^n^o^iown) of the valve 98 in accor- sure, the kkkdown brake 30 is not ready for engage- 

daScewith X direction of the combined forces of the 55 ment and even if the pressureis elevated js soon * 

ofl pressure acting on the pressure receiving surfaces of synchronization of the 2ndspeed « completed, the fack- 

toe spool 320 with the urging force of a spring 322 down brake 30 will not be engaged m tone. Thus, it 

^Kt-2nd^eed shift^fl ve 100 which comprises a becomes necessary to supply high pressure oil until the 

spool 33?anda^g 332, switches the position of said brake pbton moves and preparation foreng.gm^ 

spool 330 between the left end as indicated in FIG. 2 60 completed. But, if high pressure oil is contmuously 

afftteright end (not indicated) by suitably supplying supplied, the engaging ^becomes grea tso^cjyat 

or releasing the toe pressure which acts on a pressure the engagement of the kickdown brake 3^d the front 

receiving surface 334 of the left end of the spool 330. clutch 24 disengaging at the same tone resultog shock- 

Wnentoe toe pressure is so supplied to act on the Now a^the output signa^dicatog ^ 

surface 334, thespool 330 is caused to move toward the 65 shifting from 3rd to 2nd speed is transmitted fr in the 

right by the toe pressure, whereas when the toe pres- electronic control device 112 according to the various 

sure is exhausted. it will be pressed toward the left end input signals which represent the dnvmg condition of 

by the force of the spring 332 * e vehicle, the electromagnetic valve 108 will be de- 
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energized whil the electromagnetic valve 110 will be nization fa obtained conadermg ih J^*™"*?^ 

Merged. Because the oil pressure in the oil passag the low oil pressure to a higher vd ue after the synchro- 

372 faaJiausted by the function of the shift control nization of the 2nd speed is detected. 

valve 90the spool 336 of the 2nd-3rd and 4th-3rd speed As has been mentioned above, by regulating the 

^ vl? oT^ rnov^Toward the left Then thVoU 5 amount of overlap C ^iSlhTdS^S'S ^ 

paLge376 communicates with an exhaust port 396, front clutch 24 by conttjolhng Aedutjr 

S the oil pressure in an oil chamber 350 of the 4th dectremagnetic valve^ 

speed clutch control valve 104 to exhaust via a check control device 112, the kickdown brake 30 will be 

valve 378^dToil passage 380. So, the spool 338 of smoothly engaged without shock, whereby the gear 

said 44 sS clutch^rol valve 104 moves to the 10 shifting from 3rd to 2nd speed is achieved. 

rSt! Su1n7theSressnre of the clutch 28 to exhaust In the above embodimentlhe ml pressure « » j vaned 

vTmroOwsMge 38*388 and the clutch 28 isdisen- high-«ncdiunwlow-*high, but it b possible to vary 

gTgeO At SrWtoe^e duty ratio of the electro- the pressure ^^^J^l^f ™ 

mimetic valve 106 fa controlled by the electronic con- range However, the time reqmredforj 8«^»« ^ 

trol\kvicell2 as the signal indicating the start of gear 15 be shortened by providing the ^memnm pressure range. 

^^ttar*mX X control facLied out in such This aPpHes not only to 

aWthat the oa pressure to be supplied from the oil from 3rd to 2nd speed, but afao to the downshift from 

pre^n^n^Walve^o the oudbamber 336 of the the 4th to 3rd spec* to which case the engs «ement- 

kSwnbrake 30 via the bt-2nd speed shift valve 100 /disengagement of the kickdown brake 30 and the front 

brake tnionwill have been moved and ready for engag- now be explained with respect to the downshrft from 
Lr^^cVb^g predetermined from the supply oil the 3rd to 2nd speed. The ^bodimenmatacst idenb- 
P^ure andtheTolurneofthe oil chamber 366 of the cal in construction with the ^ embodUMnt e^ 
Sown brake 30. This causes the piston in the lock- 25 that a stroke detecting means 400 « P~^ded to detect 
down brake 30 to move rapidly, and the oil in the oil the stroke position of an oil pressure prston rod 368 m 
Sbe^ fa rapiSy exhausted to the oil passage 376. order to directly detect whether the kickdown brake 30 
Since exhaustion of the oil in the front clutch 24 fade- fa ready for engagement . 
Uwed, this wift maintain the torque capacity of said The st^^etec^ meai!s_4M^ attached Ito the 
duteh 24 and hold the overlap c to a large amount. 30 base of the rod 368, as shown in FIGS. 5, 6(a) and 6(0, 
Ato the ^edetennined time Relapses, the duty ratio to which the oil pressure piston °!^* C ™°™J*?' 
torthe^Sma^tic valve 116 isincreased to obtain 30 fa fixed. A stepped porton * formed I at debase of 
rmrfiuTpr^ while maintaining the kickdown the rod 368, and a sleeve 402 which is made °f a conduc- 
brake 30 ready for full engagement As a result the oil tive material such as stainless steel and formed about 1 
P^rein^he front clutoh 24can be exhausted without 35 mm shorter than the stepped portion, is shdably 
being impaired by the exhaust oil from the oil chamber mounted on the outer oieumfanence tfthe Stepped 
382 of theMckdown brake 30 to thereby cause the 3rd portion and retained to the rod 368 by means of a retam- 
^ ^" dfaengaged. Tins disengagement of the ing ring 404 in such a manner that it will have a stroke 
^S^SdS^ by w^npariSTtiie signals L, of this 1 mm difference. The sleeve fa also urged 
fr^^dete^tmg ^1^142 Y whichletects the ^te- 40 towanltterigmmFJO.^byny rf«WH» 
S^ed of ti«fkickdown drum 52 and the detecting An oil pressure piston 408 is fixedly screwed to the 
mWM? rtk* detects the rotational speed of driven threaded portion at the ^J^^f^ 
gear 64. Said detecting means 142, 144 function as a part sleeve 402 by means of a nut 410, and the spring 370 £ 
o^rsyTchronizanol, detecting means. By means of interposed between ^n 
the signal which indicates the disengagement of the 3rd 45 wall of the oU chamber 382. On the o*er hawtan 
speeder, the oil pressure to be supplied to the kick- insulating cap 412 made of an ^atimj n^rial such 
E brake 30 will be promptiy reduced to thereby as resin is attached to the base of the ted 3«. Aaprmg 
decrease the torque capacity of the front clutch 24 and 422 fa interposed between a stopper 414 madeof ston- 
mus tiTamount of overlap C so that the change speed less steel which caps on the insulating caps 412 anda 
transmission assembly 22 will practically be in the neu- 50 stainless washer 420 attached to the inner smeofa resin 
uTstatTin which the amount of overlap C is reduced to mold cap 418 which attached to a cover All Thear^ 
07a state wherein the torque capacity of the two fric- rangement is such that when the sleeve 402 is pressed 
tonal dements 24 and 30 respectively becomes 0 to toward the right by means of the spring 406 as shown in 
St , time interval). Synchronization of the 2nd FIG. 6(0 there is formed gap L, of approximately 0.1 
S fa ctetected by the signals from said rotational 55 to 0.4 mm between the rod 368 and the msvilatmg cap 
Seed aelectrnTmeans 142 andl44. (In this case, syn- 412. When a terminal 424 provided at the center of tire 
chionization of the 2nd speed can be detected by detect- cap 418 fa connected to the power source ^der the 
mg the time when the rotetional speed of the kickdown condition as shown m FIG 6(6), an etectnc ^circurt 
«lrum 52 becomes zero.) By the signal indicating the connecting the terminal 424, the washer 420, the sprmg 
s^hrmfeation of the 2nd speed, thToil pressure to be 69 422, the stopper 414, a contact point 426, the aleev£W2, 
Sedto^e kickdown brakeM is promptly switched the oil pressure piston 408 and the spring 370 is formed 
from lower to higher pressure, and the amount of over- if the oil pressure piston is at its normal position. On the 
!jc fa mcreased fromOto a higher value by increasing other hand, if the oil pressure piston 408 -pressed by 
the il pressure for engaging th kickdown brake 30 the pressurized oil supplied to the odxhamber 366 at, 
which fa the fractional element for the 2nd speed. Thus, 65 the rod 368 fa caused to shift its position^ wnhrot con- 
the Rear shifting from the 3rd to the 2nd speed is com- tracting the sprmg 406 which presses the sleeve «2 
Dieted. It fa to ben ted that synchronization is deemed until just before the engagement of the kickdown brake 
complete when approximately 300 rpm before synchro- 30 As the resistance against the movement of the rod 
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368 increases just before engagement, the oil pressure netic valve 106 in such a way that high oil Pressure* 

pSon ^toviS>ly moves forTdistance of stroke L, supplied to the chamber 366 of the fackdown brake 30 

St^^rin* 406 to contract As a result, the until just bef re said brake 30 ^^and^ts« 

stopper 414 b permuted to move only for a distance of soon as an OFF signal is transmitted I from tiiestroke 

£^p £ beS of the insulating cap 412 at the 5 detecting means 400, the pressure /theoil to be sup- 

cTn^ Domt^ of the stopper 414 and the sleeve 402. plied to the kickd wn brake 30 » lowered to thereby 

the ToonlS pcln?426 to be left open, and decrease the amount of overlapC Upon completion of 

th7deS circuit will ntt be completed synchronization of the 2nd speed, the od pressure sup- 

Tnus, according to the present invention, the position plied to the kickdown brake 30 is promptly elevated to 

of the kickdown brake 30 just before the engagement 10 thereby increase the amount of overlap C and to regu- 

can be electrically detected. It should be noted that the late the torque capacity to correspond with that of the 

gap L 2 can be formed between the retaining ring 414 frictional element with the gear ratio for 2nd speed 

and the insulating cap 412. driving. Thus, the second embedment can reduce the 

So, when a signal for the gear shifting from 3rd to 2nd time required before the start of effective gear shifting 

speed, based ofthe signal representing the driving 15 when shifting from 3rd to 2nd speed, compared to the 

coition of the vehicle, is transmitted from the elec- above-mentioned first embodiment, and s^l^ables 

tronic control device 112, the electromagnetic valve smooth gear shifting without causing shock. The sec- 

108 is subsequently de-energized and the dectromag- ond embodiment also enables to shift down again from 

netic valvellO is energized, whereby the oil pressure in 3rd to 2nd speed during the gear sMtmg up from 2nd to 

the oil passage 372 is exhausted by the function of the 20 3rd speed, even if the position of the piston Provided m 

shift conttol valve 90. As a result, the spool 336 of the the kickdown brake 30 is unsettied,^ereas in the first 

2nd-3rd and 4th-3rd speed shift valve 102 is moved embodiment one must wait until a predetermined time 

toward the left in FIG. 2. Then the oil passage 376 tj elapses for effective shifting down, 

communicates with the exhaust port 396, causing the oil The third embedment ofthe pre^t m venUon wffl 

pressure in the oil chamber 350 of the 4th speed clutch 25 now be explained. This embodiment k almost identic^ 

control valve 104 to exhaust via the check valve 378 in construction with the second embodiment except that 

and the oil passage 300. So, the spool 338 of said 4th the control mechanism of the electronic control device 

speed clutch^ontrol valve 104 moves to the right, cans- 112 is different This embodiment is effective for engag- 

ingthe oil pressure of the clutch 28 to exhaust via the oil ing the kickdown brake 30 at the time of gear shifting 

passage 386, 388, and the clutch 28 is disengaged. At the 30 from 1st to 2nd or 3rd to 4th speed 

same time, the duty ratio of the electromagnetic valve The embodiment will now be explained jn detail with 

106, is controlled by the electronic control device 112 as respect to the gear shifting from 1st to 2nd speed tn the 

the signal indicating the start of gear shifting is transmit- automatic traiismission system as shown in FIGS. 1 and 

ted tfs indicated in FIG. 7, so that the oil pressure to be 2. 

supplied from the oil pressure control valve 96 to the oil 35 When the accelerator pedal is stepped on under 1st 
chamber 366 of the kickdown brake 30 via the oil pas- gear driving and the vehicle gathers speed, a command 
sage 238, the lst-2nd speed shift valve 100 and the oil signal to achieve 2nd speed is transmitted from the 
passage 364 is first maintained high. This causes the electronic control device 112 in response to the signals 
pSonin the kick-down brake 30 to move rapidly, and from the sensor 138 which detects the opening angle of 
the oil in the oil chamber 382 is rapidly exhausted to the 40 the throttle valve and the sensor 144 which detects the 
oil passage 376. Since exhaustion of the oil in the front rotational speed of gears, (Le. the dnving speed of the 
clutch24 is delayed, this will maintain the torque capac- vehicle). The electromagnetic valve 108 wdl be de- 
ity of said clutch 24 and hold the overlap c to a large energized and the electromagnetic valve 110 will be 
amount As soon as the ofl pressure piston 408 of the continuously energized. By this switching, the lme pres- 
kickdown brake 30 shifts itself to the position just before 45 sure in the oil passage 280 will be supplied to the oil 
engagement and the OFF signal is transmitted from the chamber 256 via the orifice and theodpassage 258, and 
stroke detecting means 400, the oil pressure is reduced also supplied to the oil chamber 276. The spool 240 will 
to decrease the amount of overlap C. Then the pressur- then move toward the right integrally with the spool 
ized oil of the front clutch 24 is exhausted from the oil 242 and stop as the spool 240 abuts against the stopper 
passage 376 under this condition to disengage the 3rd 50 246. The line pressure in the oil passage 172 will then be 
speed. Subsequently, the neutral state with the amount supplied to the oil passage 362 via the annular groove 
of overlap C=0 will follow before the complete syn- 264 to act on the pressure receiving surface 334 of the 
chronization of the 2nd speed is detected by the signals lst-2nd speed shift valve 100 and on the pressure receiv- 
from the rotational speed detecting means 142 and 144 ing surface 346 of the 4th speed clutch control valve 
which also function as a part of the synchronization 55 104. As a result, the spools 330 and 338 of respective 
detecting means. By the signal indicating the synchroni- valves 100 and 104 are caused to move toward the nght 
zation of the 2nd speed, the low pressure oil which is end and the line pressure in the ofl passage 238 wall be 
supplied to the kick-down brake 30 to be promptly supplied via the oil passage 364 to the oil chamber 366 
elevated to thereby increase the amount of overlap C ofthe kickdown brake 30 to move the rod 368 toward 
This permits the kickdown brake 30 to be engaged, and 60 the left in resistance to the spring 370 to thereby engage 
the gear shifting from 3rd to 2nd speed is completed. the brake band (not shown) with the kickdown drum 

It should be noted that considering the time delay 5Z On the other hand, the oil pressure in the oil passage 

actually to increase the oil pressure after the synchroni- 356 is discharged via the oil passage 226 and release the 

zation ofthe 2nd speed is detected, synchronization is low reverse brake 32, and the 2nd speed is obtained, 

deemed complete when approximately 300 rpm before 65 At the time of the engagement of the kickdown brake 

synchronization is obtained. 30, the duty ratio of the electromagnetic valve 106 is 

In this second embodiment, th electronic control controlled by means f the electronic contr 1 device 

device 112 controls the duty ratio f the electromag- 112 by using the stroke detecting means 400, in such a 
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way that the oil pressure in the oil passage 238 (the il 
pressure to be supplied to the oil chamber 366 of th 
kickdown brake 30) is first maintained at the line pres- 
sure which is higher and reduced during gear shifting 
after a signal from the stroke detecting means 400 is 
obtained, in order to prevent shock. 

Supplying high pressure oil until immediately before 
the engagement of the kickdown brake 30 reduces the 
time lag in engagement and thus shortens the time re- 
quired for shifting without causing shock. 

Gear shifting from 3rd to 4th speed also involves 
engagement of the kickdown brake 30. It is again possi- 
ble to reduce the time lag and also the shock by supply- 
ing higher pressure oil until just before the brake 30 is 


third fluid chamber means to which fluid pressure is 
supplied to activate said second factional element 
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a fluid passage which connects said second fluid 
chamber means with said third fluid chamber 
means; 

an exhaust passage for exhausting fluid from said fluid 
passage and connected to said fluid passage when 
shifting from higher to lower speed driving; 
an orifice with an unchangeable opening provided in 
said exhaust passage for regulating amount of fluid 
to be exhausted; 
a synchronization detection means for detecting 

whether said gear ratios have been obtained; 
switching valves for switching fluid passages leading 
to said factional element means at a time of shifting 
between higher and lower speed driving; 
a fluid pressure regulating means, having a fluid pres- 
sure control solenoid valve, for controlling sum of 
transmittable torque of said first and second fric- 
tional element means by modulating the fluid pres- 
sure supplied to said first fluid chamber means 
during shifting from higher to lower speed driving; 
an electronic control device for controlling said fluid 
pressure control solenoid valve to control said sum 
of transmittable torque in such a way that, said sum 
of transmittable torque is decreased when disen- 
gagement of the second frictional element means is 
detected by said synchronization detection means 
and said sum of transmittable torque is increased 
when engagement of the first frictional element 
means b detected by said synchronization detec- 
tion means. 

2. A control device for an automatic transmission 
gear system as claimed in claim 1, wherein said synchro- 
nization detection means has two sensor means for de- 
tecting rotational speed of two arbitrary rotational de- 

7- , . - ments among plural rotational elements of said change 

without requiring a long overall tune. CI > » rar 7«anblv 

Iu each of the foregoing em^imen^^over^ 40 ^f^,, ^ for m automatic ^^s,,^ 
regulating mains was constituted by conn^g the in claim 2, wherein said change 

front clutch 24 and the oil chamber 382 to which die od f^*^^, fa a n^gneaux-type planetary gear 
pressure is supphed when draigagmg the J^k-down and said two arbitrary rational elements 

brake 30 with the oil passage 376. But ^ hydrauhc c^- wUch . reactlon foree dement 

cuit without said oil passage 376 can be obtamed by 45 Sd 8 toweMpeed gear ratio is obtained, and an 

interposing a timing valve 31, as shown m die U.S Pat conn S totne output shaft 

No. 3,832,915, in said hydraulic circuit and supply the anmuus automatic transmission 

oil pressure from the electric control device of the ores- * t^Z^S^i^r assembly with 
ent invention to the port 63 of saui timmg valve tt. ^ ^^^aTCween an in^ shift and an output 

shaft, comprising: 
first frictional element means actuated by fluid pres- 


With regard to the stroke detecting means 400, there 
is no need to make any adjustment even if some parts 
such as the brake band are worn as long as the stroke 
detecting means 400 is constructed to always m a int a in 
the constant relation between the stroke Lj and the gap 20 

It is to be noted, however, that other stroke detect- 
ing means such as a potentiometer can be used to di- 
rectly detects the position of the rod 368. 

As has been described in the foregoing by way of 
embodiments, the present invention i* capable of reduc- 25 
ing shock caused by gear shifting by controlling the oil 
pressure to be supplied to the frictional elements by an 
electronic control device. The construction is simple 
compared with other control devices of the oil pressure 
type. . 30 

Because the frictional elements, which are switched 
in acco rdance with the changes in the gear ratios, are 
actuated by a suitable overlap of torque capacities de- 
pending on the condition of the vehicle, shocks caused 
by such shifting can be alleviated. Further, since it en- 35 
able to reduce the time which elapses from the start of 
the gear shifting to the beginning of the effective gear 
shifting, smooth and shockless shifting can be obtamed 
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obtaining same effect as that of the present invention, 
What we claim is: 

1. A control device for an automatic transmission 
gear system having a change speed gear assembly with 
plural gear ratios between an input shaft and an output 
shaft, comprising: 

first frictional element means actuated by fluid pres- 
sure to obtain one of said gear ratios for lower 
speed driving; 

an actuating means for actuating said first frictional 
element means, having first fluid chamber means to 60 
which fluid pressure is supplied to activate said first 
frictional element means, and second fluid chamber 
means from which fluid proportional to fluid pres- 
sure supplied to said first fluid chamber is ex- 
hausted; 65 

second frictional element means actuated by fluid 
pressure to obtain another one of said gear rati ns 
for high speed driving; 


sure to obtain one of said gear ratios for lower 
speed driving; 
an actuating means for actuating said first frictional 
element means, having a fluid pressure operated 
piston, a first fluid chamber on one side of said 
piston to which fluid pressure is supplied to acti- 
vate said first frictional element means, and a sec- 
ond fluid chamber on another side of said piston 
from which fluid proportional to fluid pressure 
supplied to said first fluid chamber is exhausted; 
second frictional element means actuated by fluid 
pressure to obtain an ther one of said gear ratios 
for higher speed driving; 
a third fluid chamber to which fluid pressure is sup- 
plied to actuate said second frictional element 
means; 
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a fluid passage which connects said second fluid 

chamber with said third fluid chamber; 
an exhaust passage for exhausting fluid from said fluid 

passage when shifting from higher to lower speed 

driving; 5 
an orifice with an unchangeable opening provided in 

said exhaust passage for regulating amount of fluid 

to be exhausted; 
a synchronization detection means for detecting 

whether said gear ratios have been obtained; 10 
switching valves for switching fluid passages leading 

to said factional element means at a time of shifting 

between higher and lower speed driving; 
a fluid pressure regulating means, having a fluid pres- «-~«««* — — — 7 — — - 

sure control solenoid valve for controlling sum of 15 gear system as claimed in claim 4, wherein said change 

transmittable torque of said first and second fric speed gear assembly is a ravigneaux-type planetary gear 

tional element means by modulating the fluid pres- mechanism, and said synchronization detection means 

sure supplied to said first fluid chamber during having means for detecting a rotational speed of a sun 

shifting from higher to lower speed driving; gear which becomes a reaction force element when said 

a stroke detecting means for detecting a stroke posi- 20 lower-speed gear ratio is obtained. 

tion of said fluid pressure operated piston; * * * 


an electronic control device for controlling said fluid 
pressure control solenoid valv to control said sum 
f transmittable t rque in such a way that, said sum 
of transmittable torque is decreased by reducing 
said fluid pressure supplied to said first fluid cham- 
ber until said stroke detecting means detects that 
the piston is in the position just about to engage the 
first frictional element means during gear shifting 
from higher to lower speed driving, and said sum 
of transmittable torque is increased when engage- 
ment of the first frictional engagement element 
means is detected by said synchronization detec- 
tion means. 

5. A control device for an automatic transmission 
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